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Experts disagreed about the direct connection between GPS and environmental benefits. Many 
acknowledged the knock-on or indirect environmental benefits, but most experts were not able to draw a 
direct connection that could be quantified. 


10.3.2 Quantitative Findings 


After discussing the various applications of GPS and the pattern of adoption over time, we asked experts 
whether GPS had an impact on overall mine productivity, labor requirements, injuries, and the 
environment. We reviewed their opinions for each category of benefits, and if there was a perceived 
benefit (or cost), asked for an estimate of the percentage change for the typical mining operation. 

Table 10-2 provides summary statistics on the stated percentage changes on overall mine productivity and 


labor requirements. 


Of the 10 respondents who provided a quantitative estimate of the change in productivity, their answers 
varied greatly, ranging from 7.5% to 75.0%. However, answers were clustered between 10% and 20%, 
and because one outlier was skewing the average substantially, we decided to use a median value of 
12.5% for our economic model. The change in labor requirements is not directly used in the economic 
model, but we report it here for descriptive purposes. The mean response was a 13.5% reduction in labor 
requirements with a median response of 10% reduction. Experts did believe that GPS had the ability to 
reduce injuries and create environmental benefits, but they could not reach consensus about the level of 
benefit or a way to quantify it. Most agreed that safety and environmental benefits were more indirect. 


Table 10-2. Expert Estimates of Mining Sector Productivity Gains from GPS 


Change in Overall Mine Change in Labor 
Statistic Productivity Requirements 
Mean of expert estimates (standard error) 21.1% —13.5% 
(6.3%) (4.6%) 
Median 12.5% —10.0% 
Minimum of expert estimate 7.5% —35% 
Maximum of expert estimate 75.0% 0% 


10-12 


Section 10 —Surface Mining 


We then asked respondents what technology(ies) would have emerged in a scenario without GPS and, 
based on the positioning requirements of the various application areas in mining, to estimate a percentage 
of the benefits that would be lost due to lower accuracy or other disadvantages. This admittedly was a 
much harder question for experts to grapple with. Only a few experts provided a quantitative answer, but 
they were clustered between 50% of the benefits being wiped out and 100%. Additionally, others 
commented that adoption would be lower because the technologies are less precise than GPS and have 
higher upfront fixed costs to set up the required local infrastructure. Given the distribution of responses 
and our understanding of the likely counterfactual being more localized, less precise, with higher cost 
options, we assumed that the benefits of GPS would be reduced 75%, but we held adoption of the 
counterfactual technology the same under the actual and counterfactual because of a lack of detailed 
information about the counterfactual adoption curve. This may bias our benefit estimates of GPS 


downward, making them more conservative. 


Next, we assembled a time series of outputs for the relevant mining sectors from 1990 through 2017 from 
which we monetized productivity benefits. Figure 10-3 shows the distribution of mining output for 2017 
with the sectors we included in shades of blue. At the time we accessed data, 2017 estimates were not yet 
fully available at the detailed industry level, and we imputed 2017 output by industry using total mining 
sector output in 2017 times the average historical shares that each industry represents. These shares have 


been somewhat stable over time.°! 


We used data from NMA to estimate the portion of the coal mining industry comprising surface mines 
and excluded underground coal mining because GPS signals cannot function underground. We also 
excluded stone mining and quarrying, which was a rough proxy for aggregates where adoption has been 
minimal. The other sectors (shown in shades of blue in Figure 9-3) are primarily surface mining and have 
benefited from GPS. 


The adoption curve from Figure 9-2 was applied to the gross output of the relevant industries (depicted in 
shades of blue) in Figure 9-3, multiplied by a discount factor of 0.8. We applied the median productivity 
improvement percentage of 12.5% in the most recent year but scaled that back linearly to 1% in 1990 to 
represent improvement in the GPS-enabled technologies and applications over time. We also slightly 
scaled back the productivity percentage by using a simple translation to reflect the fact that gross output 
data already includes the productivity gains from GPS.” 


6l Coal production as a share of total production has changed most drastically, it’s share declining by more than 10 percentage 
points from 1997 to 2016. 
62 The formula we used was | — 1/(1 + productivity percentage changer). 
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Economic Benefits of the Global Positioning System (GPS) 


Figure 10-3. Mining Sector Output by Mining Industry, 2017 
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Source: RTI Analysis of Bureau of Economic Analysis and National Mining Association data. 


Note: Impact of GPS is limited to the applicable mining industries in shades of blue. Mining industries in shades of red are 
excluded from the analysis. 


We also conservatively assumed that a counterfactual positioning technology would have been adopted at 
a similar pace as GPS. We assumed that this counterfactual technology would have been able to achieve 
75% of the gross productivity benefit of GPS. These steps can be summarized by the following formulas 
for any given year: 


Gross Productivity Benefit GPS, = (Gross Output, x 80%) x Adoption, x Impact, 


Productivity Benefit Counterfactual, = (Gross Output; x 80%) x Adoption, x [Impact, x 75%] 


Given that we are interested in the net productivity benefit, we took the difference between these two 
formulas to estimate the net benefit from GPS compared with the counterfactual scenario. To normalize 
the historical productivity gains from GPS, we adjusted annual productivity benefits to 2017 dollars using 
the implicit price deflator. 
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As depicted in Figure 10-4, annual productivity gains from GPS increase over time as adoption increases 
and also as GPS-enabled technologies become more capable and applications broaden. Annual net 
benefits surpass $1 billion in real 2012 dollars. Net productivity benefits in 2017 were $1.1 billion, 


accounting for 1.4% of total mining sector output. 


We estimate from 1990 through 2017 the mining sector experienced $12.3 billion in net benefits from 
GPS-enabled technologies and applications. Time series results are provided in Table 10-3. 


Figure 10-4. Annual Economic Benefits of GPS in the U.S. Mining Sector 
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Table 10-3. Annual Time Series of Input Data and Productivity Benefits 


Output of the 
Applicable Adoption Rate Potential 
Mining of GPS within Productivity counterfactual Net Productivity Net Productivity 
Industries the Applicable benefits of GPS productivity Benefit of GPS Benefit of GPS 
(nominal Mining (nominal benefit (nominal (nominal (real $2017 
Year $ billion) Industries $ billion) $ billion) $ billion) billion) 
1990 $53.1 0.2% $0.0 $0.0 $0.0 $0.0 
1991 $53.6 0.5% $0.0 $0.0 $0.0 $0.0 
1992 $52.4 1.0% $0.0 $0.0 $0.0 $0.0 
1993 $48.8 1.9% $0.0 $0.0 $0.0 $0.0 
1994 $53.3 2.8% $0.0 $0.0 $0.0 $0.0 
1995 $53.8 3.8% $0.0 $0.0 $0.0 $0.0 
1996 $53.9 5.4% $0.1 $0.0 $0.0 $0.0 
1997 $45.5 8.0% $0.1 $0.1 $0.0 $0.0 
1998 $45.2 11.8% $0.1 $0.1 $0.0 $0.1 
1999 $44.4 15.6% $0.2 $0.2 $0.1 $0.1 
2000 $46.1 19.5% $0.3 $0.2 $0.1 $0.1 
2001 $46.1 23.6% $0.4 $0.3 $0.1 $0.1 
2002 $46.5 27.8% $0.5 $0.3 $0.1 $0.2 
2003 $48.9 31.9% $0.6 $0.4 $0.1 $0.2 
2004 $57.8 35.6% $0.8 $0.6 $0.2 $0.3 
2005 $72.6 39.4% $1.2 $0.9 $0.3 $0.4 
2006 $87.2 42.4% $1.7 $1.2 $0.4 $0.5 
2007 $90.4 45.5% $2.0 $1.5 $0.5 $0.6 
2008 $100.6 48.7% $2.5 $1.9 $0.6 $0.7 
2009 $89.9 51.8% $2.5 $1.9 $0.6 $0.7 
2010 $96.9 55.0% $3.1 $2.3 $0.8 $0.9 
2011 $111.7 57.8% $4.0 $3.0 $1.0 $1.1 
2012 $106.4 60.6% $4.1 $3.1 $1.0 $1.1 
2013 $97.4 63.4% $4.0 $3.0 $1.0 $1.1 
2014 $100.7 66.2% $4.4 $3.3 $1.1 $1.2 
2015 $89.7 68.9% $4.1 $3.1 $1.0 $1.1 
2016 $81.1 71.7% $3.8 $2.8 $0.9 $1.0 
2017 $85.9 74.5% $4.4 $3.3 $1.1 $1.1 
Total $1,959.9 N/A $44.9 $33.7 $11.2 $12.3 


10.4 Potential Impacts of a 30-Day Outage 

In the event of an unexpected outage of GPS and other GNSS systems, industry experts agreed that 
surveying activities could largely be delayed at minimal cost to mines because many surveying activities 
are fungible, having to do with prospecting, mine site planning, cadastral surveying, surveying for 
drilling, and surveying when decommissioning a mine. That said, some surveying activities are done in 


near real-time, providing data streams directly to mine site operators. 
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A 30-day outage would be most detrimental for real-time fleet management on the mine site. GPS 
provides a critical data stream to a mine optimization software suite that responds to a variety of variables 
and variance from the daily plan. Without this software, industry experts expect that mine equipment and 
trucks will have more idle time, which will directly affect production. 


10.4.1 Qualitative Discussion 


As noted earlier, few backup systems are in place for positioning needs. Some mines have pseudolites or 
other localized positioning systems, but these are not common. 


The precision positioning application in which such loss of efficiency will be reflected the most is real- 
time fleet management, namely the optimized dispatch and movement of machinery and trucking assets. 
The lack of efficiency will likely manifest itself mainly in increased downtime of machinery and trucks, 
which will reduce mine throughput during the 30-day outage. The biggest disruption would be for any 
autonomous mining vehicles or remote-controlled vehicles. However, so far, the use of these types of 
vehicles is quite limited in the United States outside of a few mega mines. 


Mine operators that rely on GPS-enabled technologies may encounter efficiency issues and attempt to 
mitigate the loss in precision by putting more personnel in the field and reallocating labor. This response 
seems like a more viable alternative than attempting to react with a short-term backup system. However, 
there would likely be increased competition for additional workers, causing shortages and wages for 


contract mine workers to rise, further increasing labor costs. 


With additional labor deployed within the mine to ensure efficient operation, safety issues could be a 
second-order effect of a 30-day outage. One expert commented that retirees may need to be hired on a 
short-term basis to mitigate the outage, but “there is potential for more injuries when working with [an] 
older work force who may be retired.” She estimated a 5% to 10% increase in injuries. 


However, many surveying activities can be delayed without significant impacts from a 30-day outage. As 
one expert stated, “So much of GPS is used for design work, if that slows down for month, it is not a big 
deal.” 


10.4.2 Quantitative Costs Associated with 30-Day Outage 


We estimate that a 30-day outage of GPS would result in a 24% loss in production for the applicable set 
of mines. To scale this to the national level, we applied the same logic as we used in the retrospective 
impact but relied only on 2017 data for the relevant mining industries (excluding underground coal 
mining and the proxy industry for aggregates) and applied the adoption rate for 2017. 


Using 2017 annual output and the applicability factors listed above, we find that 30-day production losses 
from an unanticipated 30-day outage could be $950 million over a 30-day period. 


This estimate reflects the amount of lost production of 1.1% of the total annual output of $96.7 billion for 
all U.S. mining industries (Figure 9-3). We did not account for potential increases in labor costs because 


6 1.4% of the annual output of the non-aggregate mining sectors. 
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most industry experts thought the change in labor requirements would be minimal on net. Mines could 
offset some portion of the lost production in future months through overtime and other mitigating 
strategies. 


10.5 Concluding Remarks 

Clearly, GPS, along with complementary technologies it enables such as enhanced machinery and 
software platforms for mine site optimization, has improved the productivity and safety of the U.S. 
mining sector and led to investment in and adoption of GPS-enabled technologies. by that sector 


Our research suggests that many mines reliant on GPS for various applications do not have viable backup 
systems in place should GPS and GNSS signals fail. In these cases, vulnerable mines would have to revert 
to old, suboptimal surveying and mine fleet management methods that could cause significant disruptions 
or at least slowdowns to production in the short term due to adjustment times and costs. There may also 
be human capital issues with newer workers not having the knowledge and skills required to carry out 
traditional surveying techniques, for example. One expert mentioned those traditional surveying methods 
have been dropped from education and training. 


Moving forward, as the costs of GPS technologies continue to fall, GPS may gain greater penetration in 
smaller surface mines in the United States for proven application areas such as precision surveying, 


extraction, machine guidance, real-time optimization, and tracking ore as it moves throughout the mine. 


Less proven is autonomous mining—hauling trucks and mobile machines that do not require a human 
operator or that augment human operators with autonomous technology—that relies on GPS and a wide 
range of other technologies. Australia has already seen some of its largest mines deploy autonomous 
trucking fleets and has demonstrated that they can be cost-effective. Autonomous mining may be adopted 
for some of the largest mines in the United States that can justify the high fixed costs because of 
economies of scale. However, it is harder to foresee wider adoption of autonomous trucking in the United 
States. 


To mitigate disruption risks, a viable backup system might be wise. Loran could help surface mines in 
some application areas in the case of a disruption to GPS and GNSS, but without augmentation of some 
kind, the precision levels from Loran-based systems do not meet the standard centimeter level achieved 
by RTK GPS. Other localized backup systems may be more effective in terms of the positioning precision 
and the ability of the signal to overcome topography issues that are common with open pit mines. 
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GPS is used extensively in exploration and production (E&P) operations in the oil and gas sector. It has 
improved productivity, reduced labor requirements, and enhanced safety. It has also permitted oil and gas 
companies to drill wells in deeper water further from shore. In the absence of GPS, terrestrial operations 
would likely have employed a combination of radio-based navigation systems, cellular navigation 
systems, pseudolites, and traditional surveying and mapping techniques. Offshore operations closer to 
shore likely would have relied on similar technologies. However, GPS alternatives do not offer the range 
or precision required for deepwater operations. 


We estimate that GPS has improved gross productivity by 32% for companies that use GPS technology in 
offshore oil and gas exploration and drilling. Relative to Loran, the incremental productivity gain for GPS 
is 17%.™ Using data from expert interviews and secondary sources, we estimate that GPS has generated 
cumulative cost savings of $45.9 billion from 1990-2017 for offshore oil and gas operations. These cost 
savings have accrued for both nearshore and deepwater oil and gas operations. 


In the event of an unexpected outage of GPS, offshore exploration, development, and construction 
operations would likely be disrupted. A GPS outage would negatively impact dynamic positioning 
systems for vessels, resupply efforts, and drilling operations. Production in shallow water would continue 
with minimal disruption, but production in deepwater would experience significant disruption. The 
production of existing fixed rigs would not be affected by a GPS outage. Floating rigs, on the other hand, 
rely on GPS for dynamic positioning during production. Therefore, production of these rigs would be 
affected by an outage. An outage could also negatively affect the ability to replenish the crews and 
supplies of both fixed and floating offshore rigs. New drilling operations that rely on GPS could also be 
affected. We estimate that offshore production would decrease by 41%, and future construction and 
development operations would be delayed during the outage. This loss would amount to a short-term 
output loss of about $1.5 billion. 


11.1 Sector Introduction and Overview 

The oil and gas sector is an important component of the U.S. economy with $326 billion in total output in 
2017 (BEA, 2018). Its operations can be divided into three segments: upstream operations, midstream 
operations, and downstream operations (PSAC, 2019). Upstream operations, also known as the E&P 
sector, involve determining the location of oil and gas through exploration and extraction by drilling 
wells. Midstream operations consist of processing, storage, marketing, and transportation of crude oil and 
natural gas. Downstream operations include the refinement of oil and the production of petrochemical 
products and the distribution of natural gas, fuel, and petrochemical products to retail outlets. 


64 This is defined as the productivity gains made possible by GPS minus the productivity gains that would have been possible 
with alternative technologies had GPS not been made available for civilian use. As in the other cases, we refer to this alternative 
scenario as the “counterfactual.” 
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Of these segments, upstream operations are the most reliant upon GPS, especially offshore operations, 
which is the focus of this case study. As of 2017, offshore operations account for about 18% of crude oil 
and 5% of natural gas production (EIA, 2018). The share of oil production occurring offshore declined 
sharply from 2010 to 2014 and has remained fairly stable over from 2014 to 2017 (see Figure 11-1). The 
share of natural gas production occurring offshore has been declining since 2002. Long run-projections 
from the EIA indicate that the offshore share of production for natural gas and oil are expected to decline 
to 3% and 12%, respectively, by 2050. 


11.2 Methodological Notes 

Our approach to estimating the impact of GPS in offshore operations was to identify precision positioning 
needs, determine which needs are met by GPS, and then determine what alterative precision positioning 
systems are currently in use or might have emerged in the absence of GPS that could have met the 
sector’s needs. The increment between the actual and counterfactual represents the relative value of GPS. 
An initial literature review generated preliminary hypotheses regarding the most likely counterfactual 


scenarios and potential technical impacts. 


Figure 11-1. Offshore Oil & Gas Production as a Share of Total Production, 1990-2017 
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Source: U.S. Energy Informational Administration (2018) 


65 Benefits of GPS for midstream and downstream operations are captured by other case studies, such as maritime navigation and 
telematics, and are excluded from this chapter. Use of GPS for onshore operations is captured in the surveying analysis. 
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We interviewed GPS experts in the oil and gas sector to gather estimates of the productivity impacts of 
GPS and the likely technology alternatives that would have emerged in its absence. We also explored the 
potential impacts of and mitigation strategies associated with a 30-day, unplanned outage of GPS. After 
our first round of structured interviews, we used a Delphi approach with these same experts to build 
consensus impact estimates. We then generated an economic model to quantify the retrospective impact 
of GPS and the potential impacts of a 30-day outage. 


11.2.1 Interviews with Experts in the Use of GPS for the Oil and Gas Sector 
Our expert interview guide explored topics such as 


=" applications of GPS, including precision levels required; 


= the timeline of when GPS was first used in the offshore oil and gas sector and the rate of industry- 
wide adoption over time; 


= economic impacts of GPS on productivity and labor requirements; 
= alternative counterfactual technologies, including differences in impacts; 
= backup technologies and a hypothetical 30-day, unplanned failure of GPS; and 


= technology transfer issues. 


We identified knowledgeable industry experts to interview by searching publications, reviewing key 
speaker lists at oil and gas conferences, contacting oil and gas companies, and contacting oil and gas 
industry associations. We also relied on referrals from other experts. These experts included from GPS 
equipment providers, GPS users, independent consultants, and various other sectors of the oil and gas 
industries. 


We identified and contacted 62 experts, and 19 (31%) agreed to participate in the interview process. After 
analyzing the results of the structured interviews, we needed to build consensus in a few key model inputs 
and conducted a modified Delphi round in which we shared a subset of findings with interview 
participants. This round elicited targeted feedback in four key areas: 


= the adoption timeline of GPS in the oil and gas sector 
= productivity gains in the oil and gas sector from the use of GPS 


= the productivity impacts of a 30-day, unplanned outage of all GNSS systems on the oil and gas 
sector 


= the likelihood that a radio-based PNT system such as Loran would have been developed in the 
absence of GPS and the effectiveness of such a system 


11.2.2 Precision Positioning Needs 


Interviewees provided the level of accuracy required for use cases in various offshore applications areas 
(Table 11-1). For all, differential GPS (DGPS) was the positioning technology most commonly required. 
DGPS is precise at the decimeter level. We confirmed this interview finding with literature stating that the 
fundamental use of GPS offshore is DGPS (Corbett & Rayson, 1999). This means that the majority of 
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Table 11-1. Applications for GPS in Offshore Oil & Gas Operations 


Application Area 


Exploration and 
surveying 


Rig moves and 
drilling 


Dynamically 
positioning vessels 


Marine construction 


Maritime navigation 
and situational 
awareness 


Safety 


Environmental 
monitoring and 
remediation 


Source: Corbett and Rayson (1999) and RTI analysis of expert interview data. 


Most Common Level 

of Precision Required 

for Use Cases in Each 
Application Area ° 


DGPS (1-2 dm) 


DGPS (1-2 dm) 


DGPS (1-2 dm) 


DGPS (1-2 dm) 


DGPS (1-2 dm) 


DGPS (1-2 dm) 


RTK GPS (1 cm) 


Second Most 


Common Levels of 


Precision 
Required for Use 
Cases in Each 
Application Area ” 


WAAS (1.64 m) 


RTK (1-2 cm) 


RTK (1-2 cm) 


RTK (1-2 cm) and 
WAAS (1.64 m) 


WAAS (1.64 m) 


RTK (1-2 cm) 


RTK (1-2 cm) and 
WAAS (1.64 m) 


Uses and Benefits 


Allows operators to conduct seismic and 
hydrographic surveys during exploration 
activities 


Allows for more precise mapping of geological 
formations 


Facilitates infrastructure design and 
maintenance in terrestrial operations 


Reduces surveying labor costs 


Permits more accurate surveying results, 
particularly offshore 


Permits rigs to accurately position over 
potential drill sites 

Improves accuracy of drilling operations 
Enables vessels to maintain position and 


heading in deepwater where taut wire and other 
methods are unavailable 


Helps direct construction operations with more 
precision 


Coupled with underwater acoustics, enables 
accurate underwater construction 


Provides position and navigation data to vessel 
operators 


Allows fleet operators to monitor assets and 
improves workflow efficiency 


Enables the Automatic Identification System 
(AIS)% 


Enables personnel tracking both onshore and 
offshore 


Provides secondary safety benefits through DP 
and safer drilling 


Enables better monitoring and tracking of oil 
spills 


Enables coordinated clean-up efforts 


è Precision level provided in this column had the highest response rate in the expert interviews. 


> Precision level provided in this column had the second highest response rate in the expert interviews. 


66 AIS automatically provide information about the ship to other ships and to coastal authorities to aid in vessel monitoring and 
collision avoidance (IMO, 2019; para. 1). 
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users across offshore oil and gas application areas require precision levels of several decimeters (Landau 
et al., 2009), which has improved from meters level precision of DGPS circa 1999 (Corbett & Rayson, 
1999). While DGPS is the standard, there is a trend in the oil and gas industry to move towards more 
precise methods, which is reflected in the fact that RTK GPS, which achieves centimeter level precision, 
was cited as the second most common level of precision for use cases in dynamic positioning”, marine 
construction, safety, and environmental monitoring and remediation. However, RTK is more expensive to 
deploy. Wide Area Augmentation System (WAAS), which achieves meter level precision, was cited the 
most common second option for use cases in exploration, marine construction, and maritime navigation. 
Basic GPS, which only achieves precision within approximately 15 meters, was only cited as the most 


common second option for maritime navigation. 


11.2.3 Approach to Quantifying Retrospective Benefits 


In the absence of GPS,” the most likely alternative technology for offshore oil and gas positioning needs 
would have been a radio-based navigation system such as Loran-C or perhaps other more advanced 
versions that might have emerged, but according to the experts interviewed, radio-based technologies 
would have likely had less precision than GPS. 


Loran is a long-range PNT system that transmits in the 90 to 110 kHz band. It has a range of 
approximately 1,500 miles and is not subject to line-of-sight limitations. Loran has reported accuracies of 
+/— 8 m. Such a system would be of limited use for most applications in the oil and gas industries because 
it lacks the precision required, as is evident from Table 11-1. It would, however, be useful for maritime 


navigation, fleet management, and timing for cellular communication with offshore rigs. 


Some radio-based navigation systems are more accurate than Loran but suffer from much shorter ranges. 
These systems would require transmitting stations on static rigs to extend the range. For the purposes of 
our analysis, we assumed that eLoran would have developed as the dominant PNT system in the absence 
of GPS. 


Before the development and commercialization of GPS, a number of radio-based PNT systems existed. 
All of these systems have been decommissioned and have been completely replaced by GPS. There are no 
backups systems in place for GPS other than other GNSS constellations. 


We interviewed experts to refine counterfactuals and estimate economic impact on productivity, which 
we use to estimate cost savings. We accounted for the increase in the use of GPS over time and the 
percentage decrease in costs associated with its usage. We then extrapolated estimates of cost savings to 
the national level using secondary information about offshore oil and gas production. 


67 Dynamic positioning is defined as “a vessel capability provided via an integration of a variety of individual systems and 
functions. A computer control system automatically maintains a vessel's position and heading by using her own propellers and 
thrusters. Position reference sensors, combined with wind sensors, motion sensors and gyro compasses, provide information to 
the computer pertaining to the vessel's position and the magnitude and direction of environmental forces affecting its position” 
(The Nautical Institute, 2019; para. 1) 

68 We excluded commercial satellites from our analysis because they are similar to the existing GPS system. 
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Productivity Impacts 


In addition to adoption, respondents provided quantitative estimates for the productivity impacts of 
GPS—the ability to achieve the same production levels with fewer input costs. About half of interviewed 
experts were able to provide quantitative estimates. When respondents provided a range, we used the 
midpoint of the range. The average productivity improvement for offshore E&P operations attributable to 
GPS was 32% but with a fairly wide range of responses; plus or minus one standard deviation yields a 
range from 13% to 51%. We applied these productivity impacts as a cost-savings, assuming that to 
achieve a given level of output, production costs would be decreased when using GPS compared to a 


counterfactual. 


Because of the range of responses and degree of uncertainty we had with the results, we presented this 
information back to 17 interview participants who had offshore experience in a Delphi round to build 
consensus. We received an 82% (14 responses out of 17 interview participants) response rate in the 
Delphi round. Sixty-four percent of Delphi participants stated this this impact was reasonable, while 36% 
stated it was low. None said that it was too high. These responses gave us greater confidence that a 32% 


productivity gain was accurate or even conservative in that it was less the true value.” 


We applied the 32% each year (accounting for adoption and the appropriate cost-basis). We decided not 
to scale back the productivity impact of GPS in earlier years because we had limited quantitative evidence 
about how the technology improved over time. 


Adoption 

One of the most important steps for the quantitative results was establishing an adoption timeline for 
GPS. GPS use began in the late 1980s through the early 1990s. For our model, we chose 1990 as our base 
year because answers from the interview phase were clustered around 1990 as the initial adoption year. 
Of the experts we interviewed, 88% indicated that the oil and gas sector is currently at 100% adoption of 
GPS in the relevant applications. Some experts’ perception was that the oil and gas sector had fully 
adopted GPS across relevant applications as early as 2010. 


Adoption increased most rapidly in the 1990s and subsequently decelerated in later decades. The 
availability of DGPS in the 1990s likely played a role in the pace of adoption. By 2000, adoption 
surpassed 50% of the sector. 


Although selective availability (SA) was turned off in 2000, we did not find that this had a significant 
impact on the adoption of GPS in the oil and gas sector. By the time SA was turned off, industry had 
already figured out workarounds to achieve required levels of precision. Specifically, by the mid-1990s, 
the accuracy of DGPS was sufficient for most oil and gas operations. Therefore, SA being turned off, 
while important, was not game changing. 


Based on these observations about adoption, we have estimated an adoption curve in Figure 11-2. 


6 Although we received some answers regarding the change in labor requirements due to GPS, we excluded that from the 
analysis because it is embedded in the productivity impacts. 
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Figure 11-2. Adoption of GPS Technology in the Offshore Oil and Gas Sector 
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Source: RTI analysis of expert interview data. 


Offshore Oil and Gas Costs 


To scale productivity impacts to the national level, we constructed a time series of cost data for the U.S. 
offshore oil and gas sector from 1990 through 2017. Cost data were available from the EIA for 1990 
through 2008 in the annual report titled Performance Profiles of Major Energy Producers. Cost data was 
not included in the 2009 issue. This report was discontinued by EIA following the 2009 issue. Because 
we do not have cost data for 2009 through 2017, we estimated costs for these years by calculating the 
percentage share of offshore costs relative to gross output for 1990 through 2008. We calculated that 
offshore costs were roughly 5.8% of the gross output for the industry. For 2009 through 2017, we 
multiplied the industry gross output by 5.8% to estimate offshore expenses. Gross output data was 
sourced from the Bureau of Economic Analysis using the industries 211000 “oil and gas extraction” 
(NAICS 211000) and “drilling oil and gas wells” (NAICS 213111). 


Gross output data was not available for 1990-1996 for the “drilling oil and gas wells” industry which 
affected our ability to estimate offshore costs during those years. To estimate gross output data for this 
industry for these, we calculated the ratio between “drilling oil and gas wells” and a parent industry "other 
support activities for mining” (NAICS 213111A) from 1997 through 2017—on average 35.1%. From 
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1990 through 1996 we used this ratio to determine the missing output data for “drilling oil and gas 


wells.” 


Cost data were limited to the categories of input costs that could reasonably be affected by GPS based on 
the application areas in Table 11-1. The costs basis for the analysis was the sum of exploration costs, 
development costs, and production costs (EIA, various). We excluded land acquisition” and equipment” 
where possible because they are less likely to be affected by GPS. 


11.2.4 Approach for Quantifying the Potential Impacts of a 30-Day Outage 


A 30-day outage would have widespread, negative effects in upstream offshore oil and gas operations. 
The sector is heavily reliant on GPS and has no robust backup systems in place. Existing wells would 
likely continue producing. However, exploration, construction, and drilling activities would be delayed. 
The ability to replenish existing platforms, drilling rigs, and drill ships with crews and supplies (for 
example, equipment and consumable goods) could also be impaired because there are safety concerns 
regarding resupply operations when dynamic positioning capabilities are not available 


As with the retrospective analysis, the quantitative 30-day outage approach focused on offshore oil and 
gas activities. However, an unanticipated outage of GPS would have a much more severe impact on the 
sector. The percentage decrease on productivity over the 30-day period was estimated from the expert 
interviews and applied to offshore production costs for a 30-day period. 


11.3 Retrospective Economic Benefits Analysis 


11.3.1 Qualitative Findings 


The applications of GPS listed in Table 11-1 have improved productivity in the oil and gas sector over 
time, resulting in fewer input costs to achieve production levels. Interviewees described specific 
applications of GPS: 


=" Exploration and surveying: The first step in extracting oil and natural gas is the exploration 
phase. Exploration operations include activities such as site surveys, hydrographic surveys, 
seismic surveys, and mapping of geological formations. These activities are undertaken to 
determine the location and potential size of offshore oil and natural gas fields. 


Interviewees indicated that GPS greatly improves an oil and gas company’s ability to determine 
the size of oil and gas reservoirs, identify dangerous pockets of gas, and choose the ideal location 
for wells. This leads to more accurate mapping of reservoirs, more efficient placement of well 
sites, and improved safety through the avoidance of gas pockets. 


= Rig moves and drilling: Once oil and gas deposits have been identified through exploration 
activities and the project is predicted to be profitable, drilling and then extraction can begin. 
Offshore drilling requires a jack-up oil rig, semisubmersible, or drill ship to be positioned over 
the well site prior to drilling. Wells are then created by drilling a hole into the seabed. GPS is 
critical for precisely positioning drilling infrastructure, and alternative positioning technologies 


70 Gross output was estimated using the average share of gross output from NAICS 213111 (Other support activities for mining) 
relative to NAICS 21311A for 1997-2017. 

71 Under exploration, we excluded “unproved acreage,” and under development costs we excluded “proved acreage.” 

12 Under development, we excluded “lease equipment” and “support equipment.” 
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are limited the farther one moves from the coast. Precise positioning of wells improves yields, 
reduces the chance of opening gas pockets, and minimizes the creation of dry wells, which do not 
produce oil or gas. 


Dynamically positioning vessels: A key application in offshore operations that relies on GPS is 
dynamic positioning. Dynamic positioning systems use positioning data from GPS to determine 
the heading and position of a vessel. Propellers and thrusters are used to maintain this heading 
and positioning. This allows the vessels to remain relatively static, which improves safety by 
permitting vessels to work in close quarters to one another and to operate safely around rigs. 
Dynamic positioning systems are a vital component of drill ships and floating rigs because it 
permits them to maintain a fixed location over a well site. Without dynamic positioning systems, 
offshore drilling activities in deepwater would not be possible. 


Marine construction: GPS is a key tool in marine construction. It assists in accurate planning 
and placement of oil and gas pipelines and other subsea infrastructure. 


Maritime navigation and situational awareness: GPS is the primary aid to navigation for 
vessel operators. Additionally, GPS is vital to oil and gas companies’ ability to manage their 
fleets. Real-time GPS coordinates allow for increased visibility of rigs, support vessels, 
construction ships, transportation ships, truck fleets, and ground crews. This permits 
improvements in workflow efficiency, the tracking of assets, and the safety of crew members. 


Safety applications: A secondary benefit of GPS is enhanced safety due to reduced likelihood of 
incidents involving equipment or personnel. For example, more accurate drilling leads to better 
avoidance of dangerous gas pockets, and the use of dynamic positioning helps prevent collisions 
between vessels. Additionally, some oil and gas companies have outfitted their crew members 
with personal GPS units with functioning distress signals in case of emergencies. GPS is also an 
enabling technology of the Automatic Identification System (AIS). The AIS provides the 
position, heading, speed, and course of the vessel to other ships and coastal authorities. It aids in 
vessel tracking and collision avoidance. 


While our quantitative analysis focuses on estimates of cost savings from GPS over time, there are other 


qualitative benefits as well. Oil and gas companies have likely invested cost savings from GPS elsewhere 


over time, having second-order effects. Re-investment of cost savings was not considered in this analysis. 


The use of GPS also enables offshore oil and gas operations to be more cost-effective, especially in 


deepwater operations where alternative positioning systems are currently limited and would likely still 


have been limited in the absence of GPS. 


GPS also has additional benefits that we were not able to quantify but that experts described in 


interviews: 


Enhanced safety in the sector by providing greater situational awareness of where machines and 
workers are located at all times. 


Minor second-order impact on reducing waste from operations. 


More efficient drilling and reduced chances of accidents from dynamic positioning and fleet 
management lead to reduced likelihood of accidents and oil spills. 


Mitigating environmental crises once they occur. For example, GPS allows oil companies to track 
oil spills for more effective clean-up efforts. 


11-9 


Economic Benefits of the Global Positioning System (GPS) 


11.3.2 Quantitative Findings 


Using the estimated adoption rate of GPS over time, productivity impact estimates, and offshore oil and 
gas cost data from the EIA, we constructed an economic model to estimate the retrospective impacts of 
GPS on upstream offshore oil and gas sector. Cost data was converted from nominal values to 2017 real 
USD using a GDP Implicit Price Deflator from the Federal Reserve Bank of St. Louis. 


For each year, we multiplied the total offshore oil and gas costs in Table 11-2 by the adoption rate for that 
year times the estimated productivity impact. We then calculated the counterfactual cost savings of the 
counterfactual technology, eLoran. The counterfactual cost savings were estimated using the same 
method above. Adoption levels for eLoran were assumed to be the same as GPS, which we believe is a 
conservative assumption given its limitations relative to GPS. Productivity impacts were reduced 
according to input during the interviews and Delphi rounds. Based on expert responses, we estimated 
eLoran to be about half as productive as GPS (specifically, 52% less productive). We then subtracted the 
counterfactual cost reduction from the GPS cost reduction to determine the cost savings of GPS relative to 
the counterfactual scenario where GPS was never developed. 


We found that from 1990 through 2017, GPS reduced costs in the upstream offshore oil and gas sector by 
a cumulative total of $46.5 billion (2017 USD). Input data and results are presented annually in 

Table 11-2. Net cost savings and cumulative net cost savings are also depicted visually in Figures 11-3 
and 11-4. 


Table 11-2. Time Series of Offshore Oil and Gas Model Inputs 


Total Offshore Potential 
Oil and Gas Costs Counterfactual 
that Can be Cost Savings of 
Reduced by the Productivity Loran and Net Cost Net Cost 
Application of Impact of GPS eLoran Savings of GPS Savings of GPS 
GPS (nominal Adoption (nominal (nominal (nominal (real 2017 
Year $ billion) Rate $ billion) $ billion) $ billion) $ billion) 
1990 $$6.2 1% $0.02 $0.01 $0.01 $0.02 
1991 $6.2 6% $0.1 $0.1 $0.1 $0.1 
1992 $4.5 11% $0.2 $0.1 $0.1 $0.1 
1993 $5.0 16% $0.3 $0.1 $0.1 $0.2 
1994 $5.4 22% $0.4 $0.2 $0.2 $0.3 
1995 $4.8 28% $0.4 $0.2 $0.2 $0.3 
1996 $6.3 34% $0.7 $0.3 $0.3 $0.5 
1997 $7.3 39% $0.9 $0.4 $0.5 $0.7 
1998 $7.7 44% $1.1 $0.5 $0.6 $0.8 
1999 $7.2 49% $1.1 $0.5 $0.6 $0.8 
2000 $7.7 53% $1.3 $0.6 $0.7 $0.9 
2001 $9.2 57% $1.7 $0.8 $0.9 $1.2 


(continued) 
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Table 11-2. Time Series of Offshore Oil and Gas Model Inputs (continued) 


Total Offshore Potential 
Oil and Gas Costs Counterfactual 
that Can be Cost Savings of 
Reduced by the Productivity Loran and Net Cost Net Cost 
Application of Impact of GPS eLoran Savings of GPS Savings of GPS 
GPS (nominal Adoption (nominal (nominal (nominal (real 2017 
Year $ billion) Rate $ billion) $ billion) $ billion) $ billion) 
2002 $8.4 60% $1.6 $0.8 $0.8 $1.1 
2003 $7.6 64% $1.5 $0.7 $0.8 $1.0 
2004 $8.0 67% $1.7 $0.8 $0.9 $1.1 
2005 $10.2 71% $2.3 $1.1 $1.2 $1.5 
2006 $13.2 74% $3.1 $1.5 $1.6 $1.9 
2007 $14.2 77% $3.5 $1.7 $1.8 $2.1 
2008 $13.7 81% $3.5 $1.7 $1.8 $2.1 
2009 $14.1 84% $3.8 $1.8 $2.0 $2.2 
2010 $18.2 86% $5.0 $2.4 $2.6 $2.9 
2011 $21.6 89% $6.1 $3.0 $3.2 $3.5 
2012 $22.0 91% $6.4 $3.1 $3.3 $3.6 
2013 $25.2 93% $7.5 $3.6 $3.9 $4.1 
2014 $28.4 94% $8.6 $4.1 $4.4 $4.6 
2015 $17.1 96% $5.3 $2.5 $2.7 $2.8 
2016 $13.2 97% $4.1 $2.0 $2.1 $2.2 
2017 $19.1 99% $6.0 $2.9 $3.1 $3.1 
Total $331.6 $78.3 $37.9 $40.5 $45.9 


Source: RTI analysis. 


The annual net cost savings of GPS for the upstream offshore oil and gas sector have increased over time 
as adoption has increased. The large dip in annual net cost savings from 2014 through 2017 is a result of 
the drop-off in oil production in the lower 48 states. 


11.4 Potential Impacts of a 30-Day Outage 
The impacts from a 30-day outage of GPS would be most challenging for offshore operations. Experts 


99 66 


described such an outage with terms such as “catastrophic,” “crippling,” and “disastrous.” Without GPS, 
virtually all exploration and survey activities would stop in the short term. These activities rely heavily on 


GPS (and other GNSS systems) and operators do not have backups systems in place. 


Positioning rigs and drilling new wells with dynamic positioning applications would not be possible 
during a GPS outage because of an inability to accurately position the rig or drilling vessel over the well 


and maintain this position during drilling. 
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Experts agreed that production from fixed jack-up rigs would likely continue. These rigs are stationary, 
attached to the ocean floor, and connected to an established well. As such, they do not rely directly on 
GPS to continue operating. 


Semisubmersible rigs and drill ships would be forced to cease production. Dynamic positioning systems 
do not work without an active GPS signal, and these vessels would not be able to maintain their position. 
They would be forced to disconnect from their wells and cease production during the outage. 


Resupply efforts would be hindered during an outage because of a loss of dynamic positioning and 
navigation from GPS. This presents problems with replenishing crews and supplies to offshore rigs. Jack- 
up rigs, which are close to shore, would likely be less affected by these issues. 


Virtually all construction and pipelaying operations would stop in the short term. This would not affect 
production during the outage but could have production implications in the future because of delayed 
development. 


Experts also stated that the loss of the timing component of GPS could also lead to communication issues 
with offshore rigs (see the Section 4 for a detailed discussion of how the telecommunications network 
relies on GPS for precision timing and synchronizing communications and potential impacts of a 


disruption). 


We asked interview respondents to provide quantitative estimates on productivity impacts during a 30- 
day outage scenario. On average, interview experts stated that productivity would decrease by 31%. We 
provided the average productivity impact to Delphi round participants, and 78% stated it was low and 
22% stated it was accurate. Because there was such a strong indication that the impact was low, we 
revised the 30-day outage impact to 41%” based on Delphi responses. We believe this is reasonable given 
that there are no widespread backup positioning systems in place across application areas. Most of the 
backup system investment anecdotally appears to be in subsea acoustic positioning systems which are a 
viable short-term alternative for dynamic positioning applications. Acoustic positioning systems use 
beacons which are fixed on the ocean floor to provide a localized backup to GPS. The beacons rely on 
GPS for calibration during initial set up and require periodic corrections as the beacons move due to shifts 
on the ocean floor. Due to the reliance on GPS for initial calibration, it would be difficult to deploy 
acoustic positioning systems and beacons that are not already in place. Acoustic positioning systems 
already in place would function during the 30-day outage absent needs for recalibration. 


To model the productivity impacts of a 30-day outage, we gathered gross output data for the oil and gas 
sector by aggregating two industries: (1) oil and gas extraction and (2) drilling oil and gas wells (BEA, 
2018).”* In 2017, annual output for these two industries combined was $326.0 billion or $25.5 billion per 
30-day period.” We estimate that 14% of production occurs offshore and virtually all of the sector has 
adopted GPS. To determine the loss in productivity from a 30-day failure, we applied the 41% 


7 Responses from the Delphi round were incorporated into the averages by replacing respondents’ original responses where they 
varied. The revised average 30-day outage impact was 41% after incorporating Delphi round responses. 

74 Specifically, NAICS 211000 represents “Oil and Gas Extraction,” and NAICS 213111 represents “Drilling Oil and Gas Wells.” 
7 We also adjusted for the fact that our adoption curve shows 99% adoption in 2017. 
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productivity impact to the adoption- adjusted 30-day output value for offshore oil and gas. We estimate 
that a 30-day outage of GPS would lead to a reduction in output equal to $1.5 billion. 


It is important here to stress several limitations of this analysis. First, some portion of this short-term 
production loss could be made up later in the year if oil companies hire additional workers, require 
existing workers to work overtime, and/or figure out ways to have a higher utilization of machinery and 
equipment. However, this would involve higher costs for industry. Also, given that construction activities 
could be delayed, there may be lagging supply disruptions that we are unable to capture in the 30-day 
period. These supply disruptions would at least partially offset some of the rebound effect in later months. 
Finally, this analysis does not quantify the potential spillover effects that a short-term supply shock to oil 
and gas might have on other sectors of the U.S. economy. For example, if a supply shock raised oil prices, 
because oil and petroleum-based products are a key input for many industries, this could in turn increase 
prices elsewhere in the economy. 


11.5 Concluding Remarks 

GPS has been an important platform technology for the oil and gas sector, and it is now deeply ingrained 
in the upstream operations of the sector. Oil and gas companies has invested in technologies 
complementary to GPS such as relative positioning methods like acoustics. However, it is uncertain how 
widespread these investments are. Furthermore, from the expert interviews we conducted, there is no 
evidence the sector is investing in absolute positioning backup technologies for deepwater activities. 


Currently, no existing PNT technologies can directly replace GPS at this stage in terms of its precision 
and global reach. Radio-based PNT systems such as eLoran are incapable of providing the accuracies 
needed for offshore oil and gas operations. However, they could provide stopgap backup measures to 
reduce the impacts should GPS and GNSS signals fail. 


Radio-based PNT systems could be further enhanced to provide required position levels but would require 
fixed infrastructure not just onshore but offshore as well. Furthermore, their global reach will always be 
more limited than GPS short of large investments in fixed infrastructure. 
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The surveying industry was one of the earliest adopters of GPS, and it continues to use precision location 
information to improve the productivity and lower the costs of surveying tasks. Surveyors are experts at 
precisely measuring spatial characteristics and were one of the first professions to understand the potential 
of GPS and to apply it to their work. Surveying applications are critical to many disparate but 
economically important sectors, such as construction, land registration, mapping, mining, and 


infrastructure planning. 


Before GPS was available, surveyors used technologies that were effective at achieving high levels of 
accuracy, but with higher labor costs, longer time frames, and lower productivity levels. Given the sub- 
cm level accuracy required by surveyors and the high accuracy levels that traditional technologies can 
achieve, if GPS had not been developed or had not been available it is unlikely that an alternative such as 
eLoran”’ would have been able to achieve the high-resolution accuracy required by surveyors. With no 
viable alternative, we estimate that GPS has provided the surveying industry with $48.1 billion of benefits 
since 1984, and an average of about $2.7 billion per year since 2010. 


If GPS became unavailable for 30 days, the surveying industry and the broader economy would 
experience immediate consequences because most surveyors perform GPS-assisted surveying and rely on 
the productivity enhancements that it provides. Surveyors would need to switch to more traditional 
techniques and tools, which would cause delays, higher costs, and productivity losses for surveying 
activities. Economic sectors that rely on surveying would also be delayed. We estimate the total cost of a 
30-day GPS outage to the surveying industry to be $331 million. 


12.1 Sector Introduction and Overview 

The U.S. Bureau of Labor Statistics (2017) recorded 43,430 people in the United States employed as 
surveyors in May 2017”, and accounted for approximately $7.2 billion” in revenue. The majority worked 
in architectural, engineering, and related services, with others in local and state governments and 


infrastructure construction industries. The industry is characterized by small-scale operators. 


Surveyors have widely adopted GPS and incorporated it broadly into surveying techniques; almost all 
surveyors use GPS in at least some of their work or rely on GPS by accessing geodetic networks”. Using 
geometric calculations and technology, surveying has broad applications in construction, architecture, 
urban planning, engineering, archaeology, real estate, mining, agriculture, and other industries that rely on 


accurately identifying and mapping boundaries and land features. 


76 Approximate position accuracy is 8 — 20m (26.2 — 65.6 ft) from the GPS Wide Area Augmentation Systems (WAAS) 2008 
Performance Standard. 

77 https://www.bls.gov/oes/2017/may/oes171022.htm 

78 Extrapolated from historical revenue — see Table X-2. 

79 A geodetic network or geodetic control network is a system of points represented by physical monuments that are precisely 
marked and documented. The National Spatial Reference System is an example of geodetic control network across the United 
States. 
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GPS brought immense benefits to the surveying field. According to the surveying experts interviewed for 
this study, GPS enables surveyors to greatly enhance their productivity, compared with traditional 
surveying. Surveyors can reliably complete more jobs with similar accuracy levels in less time and with 
less labor. 


Traditional surveying methods require a “line of sight” between the topographic points being measured, 
meaning at least two workers are required to measure points no further apart than can be seen and have no 
visual obstructions between the points. With GPS, this requirement is eliminated, freeing surveyors to 
measure distant points that may have obstacles between them. Thus, surveying companies can field 
smaller teams to do often larger jobs. This fact was one of the big selling points when GPS was 
introduced to the surveying industry and remains one of the primary benefits today. 


Surveying is also one of the sectors that requires the highest levels of accuracy, often less than 1 cm and 
sometimes even less than 1 mm, depending on the application. While traditional surveying methods can 
achieve this accuracy, GPS enables surveyors to obtain similar levels of accuracy in less time. In the GPS 
receiver market, the receivers with the highest accuracy are called “survey grade” to indicate that they can 


be used for survey purposes. 


However, GPS does have some drawbacks. GPS does not always provide improved accuracy over other 
techniques, especially in situations with interference in the line of sight between receivers on the ground 
and satellites in the sky (Kizil et al., 2006; DiBiase, n.d.). In heavily forested areas, dense urban locations, 
or over very short distances, surveyors may use a conventional method rather than GPS. Also, by 
eliminating the need to survey several points using line of sight, there is also the unintended consequence 
of sometimes losing the additional geographic detail in between those points. 


Surveyors typically use a combination of old and new techniques in their work. Older technologies that 
are still used today in the United States include the “total station,” or “robotic total station,” an improved 
electronic version of a traditional technology called a theolodite (a surveying instrument with a rotating 
telescope for measuring horizontal and vertical angles). Differential GPS is typically used for surveying 
applications in the form of real-time kinematic (RTK)* observations with permanent base stations. This 
technology provides the accuracy required for most survey applications. 


Few comprehensive reviews of the economic benefits of GPS on surveying in the United States have been 
conducted. Leveson (2015) assumed 100% adoption of GPS in surveying and productivity gains of 45 to 
55% and estimated that GPS provided benefits of between $9.8 and $13.4 billion in 2013 ($10.4 and 
$14.2 billion in 2017$). Similarly, Pham (2011) estimated the annual benefits of GPS to engineering 
construction (including heavy and civil and surveying and mapping) to be between $9.2 and $23 billion in 
2007 ($10.7 and $26.8 billion in 2017$), based on an adoption rate of 40% and 100% respectively. These 
studies estimated economic benefits for only 1 year, assumed efficiency gains based on few sources, did 


80 RTK is a technique that uses carrier-based ranging to provide positioning information that is much more precise than code- 
based positioning techniques. 
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not explicitly account for the costs of GPS-enabled surveying equipment, and did not differentiate 
between adoption rates or efficiency gains for different surveying applications. 


12.2 Timeline of GPS Adoption by Surveyors 

Through expert interviews conducted by RTI, surveyors provided a detailed accounting of the timeline 
and key milestones in the adoption of GPS (see Figure 12-1). The first experimental phases of GPS 
receiver development occurred in the late 1970s and early 1980s, and surveyors in large firms and 
organizations like the National Geodetic Survey (NGS) were among some of the first adopters during this 
time. GPS provides greater returns on large surveying projects, and in its early days, only organizations 
undertaking large surveying projects found the high costs worthwhile. 


Surveyors began widespread adoption in the 1990s as a result of technological development, in particular 
differential GPS, RTK networks, and NGS’s establishment of Continuously Operating Reference Systems 
(CORS).*' RTK technology, first introduced in 1992, allowed moment-by-moment GPS updates while in 
motion, increasing accuracy and speed of data acquisition. Before the full constellation of satellites 
launched in 1995, a reliable GPS signal was not available 24 hours per day, and surveyors had to plan 


Figure 12-1. Timeline of Relevant Events in the History of GPS in Surveying in the United States 
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81 The Continuously Operating Reference Stations (CORS) is a network of independently owned and operated sites that provide 
three dimensional positioning for the United States and its territories. NGS oversees the network, which provides highly accurate 
GPS positioning data relative to the National Spatial Reference System. The Online Positioning User Service (OPUS) relies on 
CORS to provide any survey grade GPS user with data to link their GPS position with to the NSRS. For more info on CORS and 
OPUS, visit: https://www.ngs.noaa.gov/CORS/ and https://www.ngs.noaa.gov/OPUS/about.jsp. 
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around its availability, leading to some impractical late-night availability and discontinuous periods. 
Benefits of adopting GPS also increased with general technological improvements that made equipment 
smaller and faster, lowered prices, and increased ease of use. These technologies allowed surveyors to 
obtain reliable and highly accurate measurements without needing a line of sight to the next survey point. 
However, GPS equipment was still prohibitively expensive for many surveyors. 


Selective availability was turned off in 2000, further facilitating GPS’s adoption. By the early 2000s, 
capital costs fell further, and virtual reference stations became widely available, a technology that allowed 
surveyors to quickly access a GPS signal from nearly any location. Other sectors that require highly 
accurate location information such as agriculture, and extractive industries also benefitted from these 
developments.* Through the further expansion of CORS and the incorporation of the GPS into the 
National Spatial Reference System (NSRS), surveyors could measure absolute locations rather than 
relative points, so locations from different geographies were on the same system and could be compared 
with each other. By 2010, surveyors had widely adopted GPS or GPS-assisted technology in their work; 
one expert remarked that by the late 2000s most surveyors could not afford to not use GPS. 


The timeline, key trends, and milestones presented here are largely validated by the web-based survey 
that RTI conducted of National Society of Professional Surveyors (NSPS) membership. Results from the 
survey show the adoption timeline for survey respondents who had been working in the field since at least 
1990 (see Figure 12-2). Close to 20% of these surveyors had adopted GPS by 1990, but this number rose 
to approximately 70% by the year 2000. The steepest slope of the curve is between 1990 and 2000, when 
adoption was accelerating most rapidly, reflecting technology improvements. By the time selective 
availability was turned off in 2000, most surveyors had already adopted GPS and were using it in some 
capacity. The final wave of GPS adoption occurred after 2000 to the present but at a slower pace than in 
the 1990s. Today, almost all surveyors use GPS in some capacity, although not for all surveying jobs. 


Figure 12-2. GPS Adoption Rate Over Time 


When did you adopt GPS technology for surveying for 
the first time? 


Note: Derived from NSPS membership survey. Sample restricted to surveyors working since 1990 or earlier. 


82 To avoid double counting, these benefits are not included in the surveying sector analysis of this study but are captured in the 
related agriculture and mining sections of this report. 
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12.3 Methodological Notes 

To shed light on the different ways that GPS has provided economic benefits to the surveying industry, 
RTI obtained primary data from fielding a country wide web-based survey, interviewed multiple experts, 
and through a close collaboration with the National Society of Professional Surveyors (NSPS). NSPS is a 
national organization that supports surveyors and the surveying profession in the United States.’ NSPS 
facilitated access to their membership to enable a web-based survey and to expert licensed surveyors for 
expert interviews. 


The web-based survey was critical to understanding the impact of GPS on the surveying sector. The 
survey was sent to a random sample of 2,000 of the approximately 17,000 licensed professional surveyors 
who belong to NSPS. The response rate was slightly greater than 10% (283 respondents). The questions 
on the survey covered a broad array of topics, including type of surveying conducted, perceptions of GPS, 
adoption timeline, barriers to adoption, and the quantitative impact of GPS on surveying. 


Our analysis was also informed by the qualitative interviews with key stakeholders in the surveying 
industry, drawn from professional associations, government agencies, and other relevant groups. We 
conducted 15, hour-long formal interviews with these experts to determine how surveyors use GPS, the 
benefits of GPS, the timeline of GPS adoption by the surveying industry, counterfactual scenarios, and 
ways government agencies supported technology transfer to the surveying industry. We conducted 
additional unstructured interviews to validate the content of the web-based survey, interpret the results, 
and gather other qualitative information as needed. RTI also attended the North Carolina Society of 
Surveyors Annual Conference and Trade Show from February 8 through 10, 2018, to discuss the project 
with surveyors. 


12.3.1 Approach to Quantifying Retrospective Benefits 


Our approach to quantifying retrospective economic benefits of GPS in the surveying industry began with 
estimating the efficiency gains from using GPS compared with predecessor techniques and technologies 
(e.g., total stations). We assumed these techniques and technologies, which have advanced over time and 
are still in use by surveyors, as our counterfactual scenario. Experts agreed that a Loran-based system 
would not have provided the accuracy requirements to add value to the surveying community in the 
absence of GPS. 


To value efficiency gains, we compared the costs and productivity benefits of GPS-assisted technologies 
with traditional technologies. We quantified the percentage difference between the costs of GPS-assisted 
surveying per job completed and the costs of non-GPS-assisted surveying through the web-based survey 
conducted in partnership with NSPS. We asked surveyors to estimate the percentage share that capital, 
labor, energy, and materials (KLEM) costs make up of their surveying business and then asked how those 
costs would change if they used only traditional technologies in each surveying job. In this way, 
surveyors could reflect on how each factor of production had changed with GPS, rather than trying to 
estimate cost differences for each factor simultaneously. 


83 https://www.nsps.us.com/ 
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After obtaining cost savings of GPS over traditional technologies, we scaled the results to the entire 
surveying industry in the United States and over time from the date of its first adoption through the 
present day. To do this, we used four key variables—industry revenues, adoption rates over time, KLEM 
share of revenue, and efficiency gains over time. Table 12-1 details data sources and assumptions for all 
data used for the analysis values. 


The extrapolation procedure using the variables in Table 12-1 involved six steps: 


1. Extrapolated to obtain survey revenues for the years when GPS was adopted (1984 through 
2017). Assumed that revenue changed linearly between each data point that was available (1997, 
2002, 2007, 2012). Fitted a linear trend to determine values from 1992 through 1997 and for 2012 
through 2017. To extrapolate to years prior to 1992, linearly extrapolated the 1992 through 1997 
time trend backward to 1984. 


2. Removed the share of surveying that services the oil and gas and mining industries to ensure no 
double-counting for those industries.** 


Table 12-1. Key Data Sources and Assumptions 


Variables Data Source Assumptions 
Survey industry U.S. Census’s Economic Census, from Census Bureau data only provide revenue in 5-year time steps. 
revenue over time 1997-2012, for North American These data are available for 1997, 2002, 2007, and 2012, and we 
Industry Classification System (NAICS) estimated revenue for years where data are missing using linear 
code 54137 (Surveying and Mapping extrapolation and interpolation. We assumed a perfect market 
[except Geophysical] Services) where costs savings = increased revenues. 
Surveyor adoption Web-based survey Surveyors know when they adopted GPS for the first time and 
of GPS over time can accurately estimate the cost savings of GPS for the most 
recent year. Respondents are representative of the surveying 
industry. 
KLEM share of Web-based survey Assumed KLEM shares of total revenue as a baseline from 
revenues which to calculate KLEM-specific efficiency gains. 
Costs savings over Web-based survey, Total Factor Used current costs from the web-based survey and discounted 
time Productivity (TFP) table from Bureau of labor by total factor productivity for the industry sector.®> 


Labor Statistics, and expert elicitation Assumed labor productivity has increased over time, so benefits 
for the most recent year are not the same as benefits in previous 
years. Assumed capital, materials, and energy efficiency gains 
were the same over time. According to experts, although GPS 
requires additional capital and other costs than traditional 
technologies, these additional costs are offset by savings to 
outfit fewer crews that are needed with GPS. 


84 The oil and gas and mining sectors purchase a percentage of services from surveying and mapping. Those percentages were 
obtained from the IMPLAN model by first calculating the total value that oil and gas and mining sub-sectors purchase from 
surveying & mapping, an then assuming the sum of those values represented a percentage of the total output of oil and gas and 
mining from the larger architectural, engineering, and relate services sector. The total percentage was only 0.46%. 

85 Accessed Nonmanufacturing Sector and NIPA—level Manufacturing Industries KLEMS Multifactor Productivity Tables by 
Industry from https://www.bls.gov/mfp/mprdload.htm. NAICS code 5412-5414, Pulled from Single-Factor Output/Input Ratios. 
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3. Reduced survey revenues to the portion of the surveying community that had adopted GPS. The 
adoption curve was based on responses to the web-based survey and conformed with expert 
feedback. 


4. Applied efficiency gains—measured by the cost reduction per survey job completed—to the 
revenue of the portion of the surveying sector that had adopted GPS. Conducted this separately 
for capital, labor, energy, and materials (KLEM). 


5. Discounted labor savings from GPS by labor productivity for the overall industry NAICS code 
(5412-5414) from 1984 to the present. In this way, we assumed that the benefits of GPS have 
increased over time. We cannot assume that the benefits of GPS in 2017 were the same as the 
benefits of GPS in the 1980s. 


6. Summed the KLEM savings for each year to a total value (see Section 1.5.2). 


Example calculations: 


In general, the benefits of GPS to the surveying industry can be calculated by subtracting the revenue the 
surveying industry would make if GPS was not adopted at all from the revenue the surveying industry 
would make if a portion of the industry adopted GPS. 


GPS Benefits, = (2) +(Ry x (1- A)| - Ry 
1-|C| 
where 
R = Surveying and mapping revenue, by year 
A = Percentage of surveyors that adopt GPS, by year (from web-based survey) 


C = Percentage reduction in costs from GPS, by year (from web-based survey and expert elicitations) 


This equation can be simplified to: 
RyxA 


Equation 1: GPS Benefits, = ETA 


— (Ry x A) 


As discussed above, we make a few adjustments to this general formula. First, we remove the share of 


surveying revenue related to the oil and gas and mining industries. 
Equation 2: Total Surveying Revenue of GPS Adopters, = R_GPS, = (Ry — Sy) * Ay 
where 

S = Share of surveying purchased by extractive industries (from IMPLAN) 


We then calculate the benefits for each KLEM separately by plugging Equation 2 into Equation | and by 
accounting for each KLEM’s share of annual revenue and using KLEM-specific cost reductions. 


Equation 3: GPS Benefits by KLEM; = ((R_GPSy * KLEMs) / (1 — |KLEMc,|)) — (R_GPS,*KLEMs) 


where 
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R_GPS = Surveying revenue of GPS adopters by year, calculated above 


KLEMs = Share of surveying revenue dedicated to capital, labor, energy, materials (KLEM from 
web-based survey) 


KLEMcy, = Percentage savings, by KLEM and by year, due to GPS, from web-based survey. Labor 
savings discounted by labor productivity to reflect the fact that present day labor savings are greater 
that previous years labor savings. 


12.4 Retrospective Economic Impact Analysis 

Experts and survey respondents described GPS as a technology that revolutionized the surveying 
industry. Many surveyors today work alone, with sole proprietors accounting for 55.7% of industry 
operators (O’Connor, 2017). It would be nearly impossible to have this percentage of sole proprietors 
without GPS, because total stations and pre-GPS surveying usually required at least two people. Today 
with GPS a single surveyor can complete many jobs in about half the time that it used to take two or three 
surveyors to do. The benefits of GPS also exhibit returns to scale: as a result of using GPS, costs are 
reduced for surveying projects covering larger areas; for example, a survey respondent in Alaska reported 


intense reliance on GPS to complete work in large and remote areas. 


12.4.1 Survey Findings 


Responses from the web-based survey were consistent with feedback received from the expert interviews. 
Respondents were all licensed surveyors from throughout the country, many with deep experience in the 
surveying industry, and almost all were GPS users. More than half were owners or part owners of a 
surveying business. Those responding to the survey reported using GPS on 86% of jobs, and 66% said 
they use GPS “all the time”; 32% use it “sometimes,” and only 1% never use the technology (see 

Table 12-2). 


More than 94% of surveyors felt that GPS was “very important to their job,” and 64% said that GPS 
enables them to complete jobs that would be impossible to do without GPS. On average, surveyors report 
that 30% of their revenue comes from jobs that could only be done with the support of GPS. For the 
relatively small number of jobs for which surveyors did not use GPS, they primarily cited impediments to 
line of sight to the sky, accuracy limitations, lack of need, and economic reasons (see Table 12-3). 


Table 12-2. Use of GPS in Surveying 


Do you use GPS technology when you do surveying? 


Yes, all the time 66.2% 

Yes, sometimes 32.4% 

No, never 1.4% 
n=283 
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Table 12-3. Reasons Surveyors May Not Use GPS 


For those jobs where you do not use GPS, why do you not use it? Select all that apply. 


I do not have a line of sight to the sky 55.8% 
It does not meet the accuracy requirements to the task 42.4% 
I don’t need it to do my job 24.7% 
It is not economically beneficial to me 18.7% 
I don’t know how to use GPS technology 0.7% 
Other 7.8% 
N/A—I use GPS for all surveying jobs 17.3% 


12.4.2 Quantitative Analysis Results 


We asked respondents what percentage of their costs are capital, labor, energy, and materials (KLEM) 
and then by what percentage their costs in those categories change when using GPS (Table 12-4).°° We 
also anticipated that, while GPS in the present day might bring a certain degree of cost savings, it was not 
as beneficial in its earlier years, so for the time series we discounted labor savings according to labor 
productivity?” over time. Capital, materials, and energy savings were not discounted this way and were 


applied uniformly across years. 


Table 12-4. Surveying Cost Structure and Cost Savings from GPS 


Percentage Reduction in Costs from GPS 


Cost Category Percentage of Total Costs in 2017° 
Labor 51.1%? —44.8% (0.19) 
Capital 24.6% ~0.5% (0.36) 
Energy 8.5% -7.9% (0.19) 
Materials 8.0% —4.9% (0.18) 


a Mean answer; standard deviation in parentheses. 
> Surveyors estimated that labor represented 51.1% of total revenues. 


86 We considered that these answers might differ somewhat between surveyors who own their own firms and are thus very 
familiar with their cost structure and regular employees who might not be familiar, but we found their answers to be extremely 
similar when aggregated, so we present figures given by both owners and nonowners of surveying firms. 

87 See Section 1.4, Step 5. 
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We estimate that the benefits of GPS to the surveying sector are $48 billion, with 97% of those benefits 
coming from labor savings and only 4% from capital, energy, and material cost savings (see 

Table 12-5).** Benefits have increased over time as the surveying industry has grown, GPS adoption has 
increased, and technology has improved. The average benefit has been $2.7 billion per year since 2010. 
These are net benefits to surveying, because they implicitly account for the counterfactual, including 
capital costs, given that surveyors compared savings to their costs in the absence of GPS. The benefits are 
based on the cost savings of GPS that surveyors reported from the survey. Table 12-5 summarizes total 
benefits by year to the surveying industry. 


Table 12-5. Retrospective Economic Benefits of GPS 


Savings ($ million) 


Adoption Rate Benefits 
Year of GPS, %? Labor Capital Energy Materials ($ million) 
1984 4% 14 <l 1 <1 15 
1985 5% 21 <l 1 <1 23 
1986 6% 30 <l 1 1 32 
1987 8% 42 <l 2 1 44 
1988 15% 91 1 3 2 96 
1989 18% 122 1 4 2 129 
1990 20% 150 1 5 3 158 
1991 24% 188 1 6 3 198 
1992 28% 239 1 7 4 251 
1993 30% 268 1 8 4 282 
1994 34% 325 2 9 5 342 
1995 42% 432 2 12 7 454 
1996 45% 523 2 14 8 547 
1997 53% 686 3 17 10 715 
1998 66% 945 4 23 13 984 
1999 68% 1,053 4 25 14 1,096 
2000 72% 1,210 5 27 15 1,258 
2001 74% 1,327 5 29 17 1,378 
2002 77% 1,542 6 32 18 1,597 
2003 81% 1,805 6 36 20 1,868 
2004 83% 2,027 7 40 23 2,097 
(continued) 


88 Benefits are sensitive to assumptions made about the cost share of labor in surveying. In our survey, surveyors estimated that 
the labor share of revenue was 51.1%, which is 29% higher than the share of payroll to revenue according to Census Bureau 
statistics (U.S. Census Bureau, n.d.). This is likely because about half of surveying firms are sole proprietorships; therefore, their 
labor income is not reported as payroll. In our calculation, we assumed 51.1% over time. If we use the annual labor share of 
revenue as reported by the Census Bureau, total benefits decrease to $41 billion. 
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Table 12-5. Retrospective Economic Benefits of GPS (continued) 


Savings ($ million) 


Adoption Rate Benefits 
Year of GPS, %° Labor Capital Energy Materials ($ million) 
2005 86% 2,261 8 44 25 2,338 
2006 88% 2,391 8 48 27 2,474 
2007 91% 2,610 9 52 29 2,700 
2008 91% 2,676 9 49 28 2,761 
2009 92% 2,537 8 47 27 2,620 
2010 95% 2,620 8 46 26 2,701 
2011 95% 2,456 8 44 25 2,532 
2012 96% 2,328 7 42 23 2,400 
2013 97% 2,414 8 44 25 2,490 
2014 98% 2,638 8 46 26 2,718 
2015 99% 2,759 9 48 27 2,843 
2016 99% 2,876 9 50 28 2,963 
2017 99% 2,943 9 51 29 3,032 
Total 46,536 162 912 514 48,124 


a Adoption rate refers to the number of surveyors that have adopted GPS even if they do not use it for all jobs. 


The quantitative benefits conform to the informal estimates provided in interviews with surveying 
experts. Experts agreed that primary benefits provided to GPS are from labor savings. Capital costs could 
increase or decrease because GPS equipment can be expensive, but these expenses are largely offset by 
the fact that GPS enables smaller surveying teams and lower capital costs to outfit fewer teams. 


Experts also consistently estimated that GPS roughly halves labor costs; responses ranged from a 100% 
labor savings to a 0% labor savings, and 98.2% of respondents agreed that GPS allowed them to perform 
the same amount of work in less time. GPS’s impact on capital expenditure is somewhat less clear. 
Anecdotally, experts believe GPS had an ambiguous effect on capital costs for firms for the reasons 
discussed above and that ambiguity is reflected in the survey data; this item had the highest standard 
deviation (0.36, see Table 12-5), and responses ranged from some respondents reporting 80% savings on 
capital costs all the way to a 200% increase in capital costs. Respondents reported small savings in energy 
and materials, but these categories did not represent large portions of most surveying firms’ costs. 


Most of the benefits of GPS are going to small business owners rather than big companies. Unlike many 
industries that benefit from GPS, surveying mainly consists of small-scale operators. In 2018, sole 
proprietors accounted for 55.8% of all enterprises. Of surveying businesses with a payroll, 84.6% 
employed fewer than 10 people (O’Connor, 2018). 


Note that these estimates do not account for any quality improvements in surveying results, which would 
tend to underestimate the benefits of GPS to surveying. GPS has enabled surveyors to better communicate 
and relate their measurements to each other by standardizing them into the National Spatial Reference 
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System and through the development of CORS. Now surveying measurements are comparable across the 
country and are very precise as well as more accurate, allowing absolute measurements in different 
geographies to be comparable. This kind of added value is not captured in our results. 


12.5 Potential Impacts of a 30-Day Outage 
Experts and survey respondents agreed that a 30-day outage of GPS would be disruptive to the surveying 
industry, although they disagreed somewhat on what form those disruptions would take and how severe 


99 66 


they would be. Experts described the impacts of such a shutoff as “catastrophic,” “stunning,” and 
“chaotic”; some suggested all surveying work would stop. They expressed concern that younger 
surveyors would be unfamiliar with pre-GPS surveying techniques, that surveying firms no longer own 
the appropriate tools to work without GPS, or that the required additional labor to survey without GPS— 


some said as much as three to five times as much—would not be available during the outage. 


Respondents to the web-based survey agreed that they would be affected but not as severely. While 94% 
said that such an outage would have an impact on their work, only 7.8% thought it would prevent them 
from working entirely.*” Most respondents (86%) thought the outage’s biggest impact would be increased 
time required to complete the same jobs. Very few thought they did not have the right equipment to 
survey without GPS, that it would take a long time to get the right equipment (5.3% and 6%, 
respectively), or that they did not know or would need to relearn how to survey without GPS (0.4% and 
3.9%, respectively) (Table 12-6). Respondents generally agreed that they have the necessary equipment 
and knowledge to survey without GPS, but because GPS provides time and labor savings, its outage 


would result primarily in delays and labor shortages. 


Table 12-6. Perceptions about the Impact of a 30-Day Outage 


What would be the primary impacts of a thirty-day GPS outage? Select all that apply. Percentage Selecting Option 
It would take longer to complete similar jobs 85.9% 
I could not do certain jobs 43.8% 
I could not compete for certain jobs 38.9% 
Other 6.0% 

What are the reasons that the GPS outage would impact your work? Select all that apply. 
There is no way to complete certain jobs without GPS 37.8% 
I do not have the right equipment to survey without GPS 5.3% 
It would take me too long to acquire the right equipment to survey without GPS 6.0% 
I do not know how to survey without GPS 0.4% 
It would take me a while to relearn how to survey without GPS 3.9% 
It takes longer to complete jobs without GPS 85.9% 
Other 8.4% 


8 This was in response to the questions: “Would an unplanned GPS outage have any impact on your work?” and “In the event of 
an unplanned GPS outage that lasted for thirty days, would you be able to continue conducting surveying work in any capacity?” 
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12.5.1 Approach for Quantifying the Potential Impacts of a 30-Day Outage 


Respondents indicated that 31% of their revenue (estimated at $7.2 billion in 2017) comes from jobs that 
could only be completed with GPS (see Table 12-7). Assuming that surveying earnings are distributed 
uniformly across the year, a 1-month shutoff of GPS would cost the surveying industry $184 million of 
revenue just from jobs that could not be completed ($7.2 billion * 30.7%)/12). The jobs that could still be 
started would be delayed and incur additional labor costs. For those jobs that could be completed, 
surveyors thought it would take 69% longer to complete them during an outage (see Table 12-7). With 
2017 labor costs totaling $3.68 billion ($306.6 million for one month), we estimate total impacts of this 
delay to be $147.0 million ((306.6 million * 0.69 * 0.69)” Adding these losses together (147.0 million + 
184.1 million, we estimate total losses from a 30-day outage of GPS to be $331 million. 


12.5.2 Discussion of 30-Day Outage Estimates 


The calculation of losses only accounts for increased payroll and uncompleted jobs and does not account 
for secondary impacts. Real estate transactions, construction projects, resource extraction, and other 
industries rely on land surveys and would be delayed by a GPS outage that stops or slows surveying 
work. These economic impacts could be quite large but were beyond the scope of this study’s analysis. 


Some respondents also expressed concern that an outage would require them to significantly increase 
costs charged to clients. The industries that rely on surveying also benefit from GPS in surveying through 
purchasing faster, more accurate services at lower costs, and this study does not quantify the consumer 
surpluses that would be lost in an outage. 


Some experts also brought up that GPS is used to tie surveying points into larger coordinate grids, which 
in some circumstances is legally required. Others also described difficulties with contracts; in a 30-day 
outage, they might be unable to fulfill work previously contracted in the specified time frame and price. 
The full impact these interruptions would have is unclear because it is possible that legal requirements 
might be relaxed given a GPS outage, but they would certainly be disruptive. 


Table 12-7. Quantitative Impacts of 30-Day Outage 


Question Mean Response 


What percentage of your revenue comes from jobs that could only be done using GPS? 30.7% 


How much longer, in percentage terms, would it take you to complete a typical job during a 30-day GPS 
outage? 69.2% 


°° We multiply by 0.69 twice because the first 0.69 reduces the total by the share of jobs that could not be completed at all (31%) 
and the second 0.69 takes into account the increased time that respondents estimated in the survey. 
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12.6 Technology Transfer and Federally Supported Infrastructure 

As in the development of the satellite constellation that enables GPS itself, the federal government has 
played a critical and direct role in transferring GPS technology to the surveying industry. In the early 
years of GPS technology, they provided financing, infrastructure, technical feedback, institutional 
support, and public outreach to ensure that GPS technology was appropriate for and addressed the needs 
of surveyors. The federal government has also been at the forefront of developing the legal and regulatory 
environment that enabled the surveying industry to take advantage of GPS technology. State governments 
have also played active roles in providing services that benefit the surveying industry. 


In the early 1980s, multiple federal agencies Figure 12-3. 114100 
were involved in developing the first commer- 
cial GPS receivers for surveying, setting the 
stage for GPS to be used for other industries in 
later years. In 1981, the Defense Mapping 
Agency (DMA), the National Geodetic Survey 
(NGS), and the U.S. Geological Survey joined 
forces to develop the specifications and award 
a contract to Texas Instruments to develop 
what became the TI 4100 (Figure 12-3). 
Geodesists from NGS also developed the 
software used to process its data (Hofmann- 
Wellenhof, Lichtenegger, & Collins, 2012). 
Around the same time, scientists at the NASA Jet Propulsion Laboratory developed the technology that 


led to the development of the Macrometer Interferometric Surveyor. Thus, several federal agencies played 
an important role in transferring the technology that led to the first commercial GPS receivers, and the 
legacy is that most features from these early models are found in GPS receivers today. 


The Federal Geographic Data Committee (FGDC)”' provides advisory services and oversight for 
geospatial initiatives across the government and played a fundamental role in transferring GPS 
technology to the surveying industry in the early years of GPS. The FGDC’s federal interagency 
“Instrument Working Group” supported survey equipment manufacturers by testing and evaluating their 
technologies to ensure they met standards and were working properly. They tested the instrumentation, 
hardware, software, and procedures and provided written feedback on how the equipment performed. 
FGDC’s oversight enabled the private sector to continuously improve GPS technology so that it could 
store more data, use less power, and cost less. One of the original chairs of instrument testing for this 
group discussed how manufacturers would bring in their equipment and the subcommittee would present 
results on Friday of the same week. One of the first portable GPS receivers—the previously mentioned 
Macrometer—was tested by the FGDC in 1982 (Hothem & Fronczek, 1983). One archived working 
group report from 1997 (Federal Geodetic Control Subcommittee [FGCS], n.d.) describes tests done for 
NovAtel, Ashtech, and Zeiss, as well as the first FGCS test of a surveying system that used the Russian 


| https://www.fedc.gov/ 
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GLONASS satellites. The working group also conducted public workshops to inform the public about 
technological changes in the surveying community. 


In addition to facilitating the transfer of GPS technology directly to industry, the federal government 
provides the institutional framework and infrastructure so that surveyors and other industries can realize 
economic benefits from GPS. The National Oceanic and Atmospheric Administration’s NGS manages the 
NSRS, a national coordinate system that underpins the spatial infrastructure of the United States. In recent 
years, NGS has strengthened this coordinate system by facilitating the development of the CORS 
network, which is backed by GNSS satellites, including GPS. CORS provides an invaluable tool for 
surveyors, farmers, and other industries that require spatial data. NGS estimated that there were 10.6 
million CORS data downloads in 2008, with a rough estimate of $643 million ($735 million in $2017) in 
benefits for that year (Leveson, 2009). 


Several experts discussed how NGS provides other services to the surveying industry such as antenna 
calibration. NGS has been conducting antenna calibration at an NGS facility in Corbin, Virginia, since 
1994. These calibrations reduce antenna errors and provide survey equipment manufacturers with 
important information about the quality of their products. NGS publishes the data on their website, 
enabling the industry to learn from each other’s products. NGS provides this service free of charge and 
ensures compatibility with international GNSS values. According to the NGS (2016) antenna calibration 
procedures, NGS has conducted more than 500 antennae calibrations for manufacturers since the program 
started in 1994. 


According to several stakeholders, in addition to federal agencies, many state governments play a 
beneficial role in providing the infrastructure and services needed to ensure that surveyors can use GPS. 
Some states operate virtual reference stations that can help surveyors improve their measurements and 
reduce costs. In states where this service is offered, such as North Carolina, surveyors can either pay a 
small fee or access the virtual reference stations for free. In states where this service is not provided, 
surveyors can end up paying thousands of dollars a year to access virtual reference stations from private 
providers. 


12.7 Looking Forward 

GPS has had an enormous impact on the surveying industry, and some future changes may further 
increase its benefits. GNSS constellations other than GPS are expected to be completed by 2020, and their 
full availability will allow greater accuracy and positioning in urban canyons, dense forests, and other 
locations where the line of sight to the sky is blocked. NGS is also putting into place an International 
Terrestrial Reference Frame, which will correct for errors caused over time by continental drift. 


Experts speculated about the future of surveying and its relationship to GPS. Many expect that GPS will 
be combined further with unmanned aerial vehicles (drones) and other autonomous vehicles to complete 
surveying work. Some guessed that service providers might investigate switching to satellite systems that 
would require less expensive antennas to access, instead of pricey receivers, and sell subscriptions to the 


92 Benefits include those provided by NGS’s Online Positioning User Service, which is made possible by the CORS network. 
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systems instead of equipment. Others speculated that receivers will be built in with more reliance on cell 
towers, rather than GPS for positioning. Most agree that surveyors will continue to derive a great deal of 
value from GPS in the future. 


12.8 Concluding Remarks 

The surveying industry was one of the first to see the value of GPS, and many surveyors played a role in 
its development. Since the earliest years of GPS, surveyors have reaped the benefits of GPS, and we 
estimate that GPS has provided nearly $48 billion in direct benefits to the surveying industry from 1984 
to the present and much higher benefits to the overall economy if one includes the benefits for those 
sectors that rely on surveying. In the event of a 30-day outage, the industry would lose approximately 
$331 million, not including economic impacts from delays and disruptions to industries that rely on 
surveying. 


However, these quantitative results do not capture the great impact surveyors have had on the 
development of GPS applications themselves. The surveying sector has been active in developing GPS- 
related technologies since its inception, enabling the development of GPS receivers that have benefited 
many industries. Their commitment to and influence on the development of the technology in the future 
are likely to continue. 
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Telematics is a field of technology that uses in-vehicle equipment to remotely monitor vehicles for a 
variety of purposes. The high-precision capabilities of GPS are critical to unlocking most of the benefits 
of telematics. This case study focuses on the use of telematics devices in on-road commercial vehicles to 
increase operational efficiency, encourage driver behavior change to increase safety, optimize routing, 


and increase productivity. 


The use of GPS in telematics has resulted in net benefits close to $330 billion between 2000 and 2017. In 
the event of a 30-day GPS outage, telematics users would experience, at a minimum, a loss of some labor 
and fuel savings benefits. In those industries in which telematics is tightly integrated into core business 
processes, users may experience a more serious business disruption. We conservatively estimate that the 


economic impact of a 30-day outage in the telematics sector could be between $3.2 and $6.3 billion. 


13.1 Sector Introduction and Overview 

Telematics devices gather data from multiple sources to gain insight into the position, direction, speed, 
and condition of the vehicle being monitored. The enabling data stream is the real-time location data 
provided by GPS. Other sensors include accelerometers and the internal vehicle computer, which 
monitors the condition of the vehicle and can also relay information about speed, intensity of acceleration, 
wheel angle, and whether a vehicle is in reverse. One expert commented that in the absence of GPS other 


data streams would be in effect “useless” in a matter of minutes. 


The most common end users are in industries with large fleets of vehicles, including 
= shipping and logistics, 
= construction, 


= field service sectors (e.g., home repair, plumbing, lawn service, on-demand roadside assistance 
for freight companies), and 


= utilities (e.g., electricity, water, gas, and telecom providers). 


Features of telematics services for which GPS generates significant benefits include real-time location 
awareness, navigation assistance, driver behavior monitoring, and vehicle condition monitoring. 


Table 13-1 describes these features and their benefits in detail. 
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Table 13-1. Features and Benefits of Telematics 


Precision 
Feature Required Description Benefit 
Driver behavior 5m GPS and other sensors collect data on speed, "Reduced occurrence of accidents 
monitoring acceleration, harshness of braking, frequency of 


Reduced fuel consumption and wear 
on the vehicle through more efficient 
driving behavior and idle reduction 


reversing, engine idling, and other behaviors that 
increase fuel consumption and the risk of 
accidents. 

=" Reduced insurance premiums 


Real-time location 50-100m GPS data can help dispatchers know in real time = Improved productivity 
awareness where all their vehicles are, aiding faster, more 
intelligent decisions about which vehicles to 
dispatch to which jobs based on their location and = Prevention of theft or reduced lost 
the work needs. Additionally, awareness that their productivity from thefts 
location is being tracked can deter drivers from 
taking personal trips during the workday. Finally, 
location data can aid in the recovery of stolen 


Reduced fuel consumption 


vehicles. 
Navigation 5m Turn-by-turn directions using GPS and digital = Improved productivity 
assistance map services can help drivers navigate to their 


next destination more efficiently. Reduced fuel consumption 


Vehicle condition 5m Using GPS and data streams from the internal "Reduced work disruptions due to 
monitoring vehicle computer can help fleet managers unanticipated breakdowns 
anticipate mechanical problems and better manage . 


preventive maintenance Lower maintenance expenses 


The first version of a modern telematics device using real-time location data was the OmniTracs system 
by Qualcomm, which came on the market in 1988 and used a private satellite constellation to provide 
location data that were accurate to approximately 1,000 feet.” The first telematics services to leverage 
GPS came on the market in the early to mid-1990s, which improved the accuracy of location data. Some 
of the first companies to offer GPS-based services were Rockwell and HighwayMaster, which used 
location data to provide automated mileage and route data collection systems (Satellite Today, 1996; 
TruckingInfo HDT, 1996). 


During the early stage of digital telematics adoption, hardware and service costs were high, making it cost 
prohibitive for smaller fleets to adopt. Additionally, wireless data transfer, if available, was expensive. 
Telematics users typically relied on downloading data at the end of a shift or trip, meaning that while 
drivers had real-time location awareness, dispatchers at fleet management offices did not have visibility 
of their drivers’ real-time location. Turn-by-turn navigation, which helps optimize routing and reduce fuel 
consumption and vehicle miles traveled (VMT), was also not available. 


?3 Prior to digital telematics, the earliest version of an analog telematics device is the analog tachograph, which used a wax- 
coated paper disc to record data on the speed, distance, and activity mode of the driver. Typically, a single disc stored 24 hours of 
data, which could be analyzed after the fact to monitor how many hours a driver worked and provide basic insights into driving 
behavior. 
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In 2003, wireless telecom companies began to roll out the first wireless broadband networks, significantly 
expanding network coverage, reducing the cost of real-time data transfer, and causing an acceleration in 
telematics adoption. Telematics data are now used by many industries to optimize all aspects of fleet 


operations. 


13.2 Methodological Notes 
This section presents methodological notes and information germane to valuing the role of GPS in 
telematics. It complements the general methodology presented earlier in this report. 


13.2.1 | Counterfactual to the Availability of GPS 


In the absence of GPS, the benefits of telematics would be substantially curtailed. Navigation and driver 
behavior monitoring, which yield some of the most significant benefits of telematics, would not be 
possible because a high level of precision (less than 5 m) is required. 


As in the other case studies, we assumed that in the absence of GPS some other, less accurate positioning 
technology would be available and used by telematics service providers. This could be something like a 
Loran-based system or a private satellite or terrestrial PNT system like those used in the telematics sector 
before the adoption of GPS. Such a system could still deliver some benefits associated with optimized 
dispatch, which can be achieved with less accurate positioning (e.g., 100 m). 


In the event of a 30-day failure of GPS, the fleet management industry would, at the very least, suffer a 
decrease in productivity and an increase in fuel consumption as it reverts to older methods of allocating 


resources and planning routes. 


For the purposes of this analysis, we assumed that end users lose most of the benefits they gained when 
adopting telematics, though we expect this is conservative. Businesses that are particularly reliant on GPS 
may experience more significant disruptions. For example, package delivery companies that rely heavily 
on GPS to deliver high volumes of parcels every day might experience a greater loss of business than a 
field service company that has only a small number of stops every day. 


13.2.2 Interviews with Sector-Specific GPS Experts 


To validate existing research and acquire new information about the role of GPS in telematics, we 
engaged experts from different stakeholder groups through semistructured phone interviews. They also 


provided reviews of consensus estimates, assumptions, and early analysis results. 


Experts were identified through service provider websites, industry association websites, and conference 
speaker lists. The affiliations of our panel of 10 experts included telematics service providers, end users in 
shipping and logistics, telematics consulting, industry associations, government, and academia. For end 
users of telematics, we specifically targeted fleet managers and other individuals who had a role in 
choosing and implementing a telematics service. For telematics service providers, we worked with 
companies to identify individuals with the right expertise to speak to our questions. Finally, where 
possible we relied on referrals from existing contacts in the industry to identify strong candidates for 


interviews. 
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13.2.3 Approach for Quantifying Benefits and the Potential Impacts of a 30-Day Outage 


Table 13-2 details the different categories of benefits included in this analysis and summarizes the metrics 
used to quantify and monetize each category of benefits. To quantify the benefits outlined therein, we 
took the steps detailed below. 


Characterized the commercial vehicle fleet. Using data from EPA (2016b) and the FHWA (2016), we 
developed a profile of the population of commercial vehicles on the road from 2000 through 2017, 
including 


= vehicle stock disaggregated by light commercial, single-unit, and combination trucks; 


= annual vehicle miles traveled disaggregated by light commercial, single-unit, and combination 
trucks; and 


= average fuel economy for light commercial, single-unit, and combination trucks. 


Disaggregating the fleet by vehicle type allows us to estimate fuel savings using fuel economy estimates 
for specific vehicle types. 


Table 13-2. Benefits Quantified 


Benefits Telematics Features Driving Benefits Technical Impact Metric Economic Impact Metric 
Labor savings Improved dispatch, navigation aids, Hours of labor saved Weighted average wage of 
and real-time location awareness all typical job types associated 
contribute to workers accomplishing with telematics users 
the same amount of work in less time (Source: Bureau of Labor 


Statistics [BLS], 2018) 


Fuel savings Driver behavior monitoring (for idle Gallons of fuel saved; public Fuel savings monetized using 
reduction and inefficient driving health benefits from weighted average of gasoline 
habits), improved dispatch, and emissions reductions and diesel fuel prices; public 
navigation aids health benefits monetized using 


EPA’s COBRA model 
(Source: EIA, 2017) 


VMT reductions Improved dispatch and navigation aids Repair and maintenance Average R&M costs in dollars 
(R&M) cost savings per mile 
(Source: American 
Transportation Research 
Institute [ATRI], 2017) 


°4 EPA (2016b) provides population data on light commercial vehicles, while FHWA (2016), Table VM-1 provides population 
data for medium- and heavy-duty single-unit and combination trucks. In the absence of 2017 stock data, we assume the 2017 
stock is the same as 2016. We consider this reasonable because over the long term the truck stock increases, but from year to year 
it fluctuates up and down. Thus there is not a reliable historical trend with which to project the 2017 stock. 
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Applied estimated adoption levels. Most estimates of market adoption of telematics technology over 
time are not publicly available. However, some point estimates of adoption in individual years are 
available. Pham (2011) refers to multiple studies that estimate a 50% to 86% adoption among fleet 
vehicles, which is a subset of all commercial vehicles. Other estimates look at adoption of telematics in 
the context of the full stock of on-road commercial vehicles. Fleetmatics (2014) cites a 2012 Frost & 
Sullivan study that estimates a 12.6% adoption level of telematics among commercial vehicles in the 
United States and Canada, which would equate to just over 4 million vehicles in the United States based 
on the commercial vehicle stock of 32.1 million vehicles in 2012. C.J. Driscoll and Associates (2017) 
estimated that 8 million vehicles used telematics technology in 2016, which equates to a 24% adoption 


level of telematics among commercial vehicles. 


We approached our analysis by considering the full stock of commercial vehicles on the road rather than 
looking only at fleet vehicles.” To estimate an adoption curve for telematics, we used data from three 
sources, which are described in Table 13-3. First, we started with the point estimate of adoption from 
2012 and calculated an estimated annual growth rate of 17% to arrive at the C.J. Driscoll and Associates 
(2017) point estimate of approximately 8 million vehicles. This pace of growth is similar to the GSM 
Association (2012a) estimate of a 19% growth rate, which increased our confidence that these estimates 
are reasonable. Subject matter experts interviewed for this analysis concurred with this approach. Note 
that we apply the 17% growth rate to our estimates of the percent of vehicles that are equipped with 
telematics (the rate of adoption) rather than the absolute number of vehicles that use telematics. Because 
the vehicle stock changes from year to year, calculating a percent growth using the estimated number of 
telematics-equipped vehicles may therefore yield a different percent growth estimate. 


Table 13-3. Adoption Estimates 


Source Estimate Type Year Value 

Frost & Sullivan (2012) cited Adoption as a percentage of 2012 12.6% 

in Fleetmatics (2014) commercial vehicles (equivalent to 4.04 million vehicles) 

C.J. Driscoll and Associates Number of vehicles using 2016 8 million vehicles 

(2017) telematics 

GSM Association (2012a) Growth rate of telematics in 2012-2016 19% CAGR 
commercial fleets 

Expert interview Point estimate for accelerating 2003 Telematics growth accelerated when 
the growth of telematics wireless service providers started offering 


mobile broadband services 


95 We took this approach for several reasons. First, the definition of a fleet has shifted several times within our period of study 
and also varies between light-duty vehicles and trucks, making it difficult to use fleet population data for analysis (Bobit Business 
Media, 2018). Second, by only considering fleets as potential adopters of telematics, particularly under the more stringent 
definition that only counts 15 or more vehicles as a fleet, we excluded vehicles that are potential adopters. 
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Estimating adoption backward from 2012 to 2000 is more uncertain because of the lack of adoption data 
before 2012. In the absence of better data, we applied the estimated annual growth rate of 17% back to 
2004. As mentioned earlier, 2003 marked an acceleration of telematics adoption because of the 
availability of mobile broadband services. Thus, we estimated a lower growth rate of 10% from 2000 
through 2002 and 15% in 2003. Figure 13-1 details estimated annual adoption of telematics from 2000 to 
2017. 


There are clear limitations to this approach of estimating adoption. The lack of consistent annual data 
results in a fairly generalized curve. Additionally, the adoption level is for all commercial vehicles and 
cannot be segmented into different industries or vehicle types. However, this estimated adoption curve 
was validated by experts as a reasonable proxy for actual adoption. Additionally, we have higher levels of 
confidence in our estimates from 2012 on, which represents nearly 66% of the estimated net benefits of 
GPS in the telematics sector, as we explain later in this analysis. 


Applied technical impact metrics to estimate benefits. Telematics experts believe that the labor 
productivity benefits of GPS are between 5% and 10%. By way of comparison, Fleetmatics (2014) 
estimates labor savings of 20%, and Frost & Sullivan (2016) estimated a range of savings of 20 to 30 
minutes per day, which we interpret as 4% to 6% of a workday. The majority of our experts believe that 
5% labor savings is reasonable, all else held equal. Two believed that savings could potentially be 
between 15% and 20%. The consensus estimate was between 5% and 10%. To estimate labor benefits, we 
assumed one driver per vehicle working 10.6 hours a day for 242 days a year on average based on 
Fleetmatics (2014) data from the fleets that subscribed to their service. 


Figure 13-1. Estimated Adoption of Telematics, 2000—2017 
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With respect to fuel savings, our experts concluded that 10% to 15% reduction in fuel consumption is 
reasonable. Frost & Sullivan estimated 20% to 25% reduction in fuel expenditures, while Fleetmatics 
(2016) cites an Aberdeen Group estimate of 13%, on average. Our experts consider the 20% to 25% 
reduction to be unlikely. 


With respect to VMT savings, our experts were asked to consider VMT savings as a proxy for R&M 
savings. Our experts concluded that a 5% to 10% reduction in VMT was reasonable as a proxy for R&M 
savings. Because telematics helps fleet managers be more proactive in maintaining vehicles, experts 
concluded that fleet managers would likely achieve higher savings than one would imply from reduced 
VMT. We noted that Frost & Sullivan also estimated a 5% to 10% reduction in travel. 


To estimate fuel savings, we used fuel consumption data for commercial vehicles from EPA (2016a). 
Because VMT fluctuates up and down based on many influencing factors, there was not a clear trend to 
use to project 2017 data. Therefore, in the absence of 2017 data, we assumed VMT remains the same as 
2016. Similarly, we used data on total VMT by commercial vehicle type from FHWA (2016) to estimate 
VMT reductions. 


Estimated environmental benefits. In addition to labor, fuel, and VMT savings, we also developed 
estimates of environmental benefits associated with reduced fuel consumption. First, we estimated 
reductions in carbon dioxide (CO2) emissions using a weighted emissions factor to reflect the fuel mix for 


commercial vehicles.’ 


Second, we estimated the reductions in criteria air pollutants that are regulated under the Clean Air Act: 
PM2.5, SO2, NOx, NH3, and VOCs. Reductions in criteria air pollutants were estimated using EPA’s 
COBRA screening model, which estimates the economic value of avoided adverse health events 
associated with reductions in emissions of regulated pollutants (EPA, 2017). Health benefits that are 
considered by COBRA include general mortality, nonfatal heart attacks, hospital admissions, a variety of 
respiratory conditions, and lost workdays. See Appendix A for a detailed description of the approach to 
using COBRA for estimating public health benefits, which is used in both the telematics and LBS sectors. 


Monetized estimated benefits. After applying the technical impact metrics, we arrived at a time series of 
estimated reductions in labor hours, fuel consumption, and VMT from 2000 through 2017. We estimated 
both fuel consumption and VMT savings because fuel consumption encompasses savings from both 
reduced VMT and reduced engine idling. Thus, to estimate fuel savings from an estimate of VMT 
reduction would underestimate fuel savings. VMT reduction estimates were used to calculate savings in 
R&M costs. 


To monetize labor savings, we used data on average wage by occupation from BLS (2018) to calculate a 
weighted average wage for each year in our analysis. We included 81 job types covering all commercial 


% From 2000 through 2017, on average, commercial vehicles used 55% gasoline and 45% diesel fuel (EPA, 2016). Medium and 
heavy-duty trucks disproportionately used diesel fuel, but light commercial vehicles and trucks are more likely to use gasoline. 
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drivers and a range of field service job types (e.g., electricians, utility and telecom technicians, medical 


equipment repair technicians). 


To monetize fuel savings, we calculated a historical weighted average fuel price by year based on the 
historical distribution of gasoline and diesel consumption in the commercial vehicle fleet. Price data were 
sourced from EIA (2017). Additionally, fuel savings drive environmental benefits, which were monetized 
using EPA’s COBRA Model.” 


As mentioned earlier, we used VMT savings as a proxy for a reduction in R&M costs. We used data on 
the average marginal R&M costs per mile of travel from Table 8 in ATRI’s annual analysis of the 
operational costs of trucking (ATRI, 2017). ATRI publishes data from 2008 to 2016. For 2000 to 2007, 
we use 2008 data. These cost estimates are most reasonably applied to single-unit and combination trucks; 
however, we also applied these cost estimates to light commercial trucks because of the lack of R&M cost 
estimates specific to light-duty trucks. 


Estimated cost of telematics adoption (Table 13-4). To account for the cost of telematics adoption 
faced by users, we used data from several sources and input from subject matter experts on the average 
costs of different types of telematics services. We disaggregated costs into two categories, grouping 
together light commercial and single-unit trucks while accounting separately for combination trucks. 
Combination trucks are most commonly used in the long-haul trucking sector and typically have higher 


monthly service costs and more expensive hardware requirements. 


Estimated net benefits. To estimate the net benefits of telematics from 2000 through 2017, we subtracted 
the estimated costs of adoption from the monetized benefits. 


Limitations. It is important to note that we did not quantify all the benefits of telematics because of a lack 
of data, including the impact of telematics on insurance rates, recovery of stolen property, vehicle 
accidents, and fleet investments in new vehicles (capital expenditures). 


Table 13-4. Average Cost of Telematics Adoption 


Average Monthly Average Hardware Assumed Lifetime of Average Monthly 
Vehicle Type Service Cost Cost? Hardware (years) Cost w/Hardware 
Light commercial and $20 $200 5 $23 
single-unit truck 
Combination truck $35 $1100 5 $53 


a Hardware cost includes the estimated cost of installation. 


Source: Expert interviews, Expert Fleet Management (2018), GPS Insight (2018) 


°7 EPA’s COBRA screening model estimates the economic value of health benefits associated with reductions in emissions of 
regulated pollutants. See Appendix A for a detailed description of the approach to using COBRA for estimating public health 
benefits. 
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In the case of a 30-day failure of GPS, we only quantified the loss of the benefits identified in this case 
study. We did not quantify additional losses associated with business disruption in businesses that are 
heavily reliant on GPS. Finally, our analysis is limited to estimating a time series of benefits from 2000 
through 2017 even though digital telematics services were available in the 1990s as well. Subject matter 
experts were less certain about the magnitude of benefits in the 1990s, and availability of data on adoption 
is limited before 2000. Because of these factors, we expect that our estimates of the economic impact in 


both counterfactual scenarios are conservative. 


13.3 Retrospective Economic Benefits Analysis 

As described earlier, GPS is essential to modern telematics technology, and the most significant benefits 

from telematics are because of the precision GPS enables. As summarized in Table 13-5, GPS contributes 
= labor savings between 5% and 10%, 


= fuel savings between 10% and 15%, and 


a WMT reductions between 5% and 10%. 


The largest area of benefits is in labor savings where telematics saved 12.2 billion hours of labor from 
2000 through 2017, valued at $251.1 billion. We also estimate that telematics users saved 19.7 billion 
gallons in fuel, valued at $58.0 billion. R&M savings were estimated from the 24.3 billion miles of VMT 
savings, valued at $21.2 billion. Table 13-6 provides detailed annual estimates of the average benefits of 
GPS in telematics. 


Table 13-5. Telematics Cost Savings Generated by GPS’s Precision 


Benefit Units Lower-Bound Estimate Upper-Bound Estimate 
Labor savings Percentage reduction in hours of labor 5% 10% 
Fuel savings Percentage reduction in gallons of 10% 15% 
fuel consumed 
VMT reductions Percentage reduction in annual VMT 5% 10% 
per vehicle 


Table 13-6. Average Benefits of GPS in Telematics 


Repair & 
Labor Savings Fuel Savings VMT Savings’ Maintenance? 
Millions of Millions of Millions of 
Year Hours $ million Gallons $ million Miles $ million 
2000 134 $2,756 293 $603 265 $207 
2001 151 $3,094 324 $619 294 $240 
2002 165 $3,395 367 $653 328 $280 
2003 181 $3,721 420 $847 363 $285 
2004 217 $4,458 501 $1,171 426 $324 
(continued) 
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Table 13-6. Average Benefits of GPS in Telematics (Labor, Fuel, Repair, and Maintenance, $2017) 


(continued) 
Repair & 
Labor Savings Fuel Savings VMT Savings? Maintenance? 
Millions of Millions of Millions of 

Year Hours $ million Gallons $ million Miles $ million 
2005 260 $5,339 579 $1,660 499 $378 
2006 312 $6,402 677 $2,130 589 $462 
2007 388 $7,974 643 $2,132 815 $618 
2008 447 $9,194 716 $2,889 954 $734 
2009 519 $10,674 799 $2,186 1,048 $944 
2010 595 $12,226 950 $3,077 1,238 $961 
2011 713 $14,651 1,083 $4,388 1,439 $1,188 
2012 848 $17,430 1,261 $5,165 1,612 $1,294 
2013 1,003 $20,607 1,489 $5,872 1,931 $1,609 
2014 1,191 $24,466 1,834 $6,856 2,285 $1,913 
2015 1,414 $29,064 2,147 $5,686 2,716 $2,529 
2016 1,686 $34,637 2,587 $5,863 3,465 $3,264 
2017 1,972 $40,998 3,027 $6,192 4,054 $3,981 
Total 12,195.3 $251,085 19,698.1 $57,988 24,320.8 $21,210 


è Estimated reductions in VMT were used to calculate savings associated with reduced R&M costs. VMT reductions were not 
used to estimate fuel savings because a significant amount of fuel savings comes from reduced engine idling, which is not 
reflected in VMT. 


Source: RTI analysis 


The volume of avoided fuel combustion translates into emissions reductions and consequently 
environmental health benefits. The linkages between fuel combustion and human health are clear. 

Table 13-7 presents the average reductions in metric tons of emissions of CO2 and criteria air pollutants. 
Table 13-8 presents the average monetized benefits of these avoided emissions. In total, we value avoided 
emissions of criteria air pollutants at $13.2 billion. 


Table 13-7. Average Environmental Benefits of GPS in Telematics (metric tons of pollutant) 


Year CO2 PM2.5 SO2 NOx NH3 VOCs 
2000 1,037,943 229 870 5,243 118 11,559 
2001 1,146,483 252 963 5,784 131 12,801 
2002 1,300,238 289 1,083 6,588 147 14,398 
2003 1,485,391 324 1,253 7,474 170 16,664 
2004 1,770,657 386 1,495 8,908 203 19,872 
2005 2,057,331 492 1,697 10,892 230 22,540 
2006 2,409,774 607 1,999 13,215 271 26,541 
2007 2,326,714 731 1,645 14,187 222 21,746 
(continued) 
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Table 13-7. Average Environmental Benefits of GPS in Telematics (Metric Tons of Pollutant) 


(continued) 
Year CO2 PM2.5 SO2 NOx NH3 VOCs 
2008 2,590,662 834 1,882 16,191 253 24,879 
2009 2,879,838 909 2,252 18,110 304 29,807 
2010 3,429,161 1,135 2,686 22,330 362 35,527 
2011 3,922,249 1,371 3,050 26,529 411 40,304 
2012 4,567,140 1,646 3,620 31,754 487 47,841 
2013 5,396,463 2,006 4,359 38,575 587 57,595 
2014 6,634,839 2,480 5,623 48,228 757 74,340 
2015 7,182,782 3,047 6,604 58,554 889 87,246 
2016 9,369,335 3,733 8,228 72,055 1,108 108,726 
2017 10,962,122 4,480 9,873 86,467 1,329 130,471 
Total 71,069,121 24,952 59,183 491,085 7,977 782,857 


Source: CO2 emissions reductions calculated using emissions factors for diesel and gasoline (EPA, 2016a; EPA, 2017); other 
environmental benefits estimated using the COBRA model from EPA. 


Table 13-8. Monetized Public Health Benefits Associated with GPS in Telematics (millions $2017) 


Year PM2.5 SO2 NOx NH3 VOCs Total 
2000 $33 $48 $69 $3 $18 $170 
2001 $37 $54 $77 $3 $20 $189 
2002 $43 $61 $88 $3 $22 $217 
2003 $48 $71 $101 $4 $26 $250 
2004 $58 $85 $121 $5 $31 $301 
2005 $73 $95 $146 $5 $35 $354 
2006 $88 $111 $174 $6 $40 $420 
2007 $105 $90 $184 $5 $33 $416 
2008 $118 $101 $207 $5 $37 $468 
2009 $126 $119 $228 $6 $43 $522 
2010 $155 $139 $276 $7 $51 $628 
2011 $184 $155 $322 $8 $56 $726 
2012 $217 $181 $378 $10 $66 $852 
2013 $260 $214 $451 $11 $78 $1,015 
2014 $315 $272 $554 $14 $99 $1,254 
2015 $380 $313 $661 $17 $114 $1,486 
2016 $458 $383 $799 $20 $139 $1,800 
2017 $540 $452 $942 $24 $164 $2,121 
Total $3,238 $2,945 $5,779 $156 $1,071 $13,190 


Source: Monetized benefits are an output of the COBRA model from EPA. 
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For this analysis, we did not monetize the benefits of reducing emissions of CO2. The most widely 
accepted approach to valuing CO2 emissions reductions is the Social Cost of Carbon (SCC), which 
involves complex intergenerational valuations and is not comparable to the approach used to value 
emissions of criteria air pollutants using COBRA. Thus, our public health benefits estimates are 
conservative. However, we did estimate that telematics avoided 71.1 million metric tons of CO2 
emissions from 2000 to 2017, which is equivalent to removing 15.1 million passenger vehicles from the 
road for 1 year (EPA, 2018). 


Table 13-9 provides total estimated benefits described in Tables 13-6, 13-7, and 13-8 and presents lower- 
and upper-bound estimates for total benefits and net benefits. Lower- and upper-bound estimates were 
estimated using the ranges of technical impacts detailed in Table 13-5. Additionally, the COBRA model 
for estimating environmental benefits outputs ranges of benefits. 


In total, estimated net benefits of GPS in the telematics sector range from $209.3 billion to $441.1 billion 
from 2000 through 2017, with a point estimate of $325.2 billion. 


Table 13-9. Total and Net Benefits of GPS in Telematics 


Total Benefits ($ million) Estimated Net Benefits ($ million) 
TTT _ Cost of 

Year Low Average High Adoption Low Average High 

2000 $2,476 $3,736 $4,996 $272 $2,204 $3,464 $4,725 
2001 $2,781 $4,210 $5,640 $299 $2,482 $3,912 $5,341 
2002 $3,045 $4,616 $6,188 $324 $2,721 $4,292 $5,863 
2003 $3,431 $5,179 $6,927 $344 $3,088 $4,835 $6,583 
2004 $4,215 $6,335 $8,455 $401 $3,814 $5,934 $8,054 
2005 $5,229 $7,815 $10,402 $467 $4,762 $7,349 $9,935 
2006 $6,369 $9,497 $12,625 $544 $5,825 $8,953 $12,081 
2007 $7,470 $11,209 $14,948 $667 $6,803 $10,542 $14,281 
2008 $8,945 $13,352 $17,759 $754 $8,190 $12,597 $17,004 
2009 $9,524 $14,397 $19,270 $871 $8,653 $13,526 $18,399 
2010 $11,290 $16,969 $22,648 $986 $10,304 $15,983 $21,662 
2011 $14,066 $21,026 $27,986 $1,150 $12,916 $19,876 $26,836 
2012 $16,595 $24,808 $33,021 $1,341 $15,254 $23,467 $31,680 
2013 $19,483 $29,164 $38,845 $1,557 $17,926 $27,607 $37,288 
2014 $23,062 $34,541 $46,020 $1,819 $21,243 $32,722 $44,201 
2015 $25,647 $38,808 $51,970 $2,148 $23,500 $36,661 $49,822 
2016 $30,028 $45,599 $61,170 $2,528 $27,500 $43,071 $58,643 
2017 $35,009 $53,292 $71,576 $2,902 $32,106 $50,390 $68,673 
Total $228,666 $344,556 $460,446 $19,374 $209,292 $325,182 $441,072 


Source: RTI analysis 
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13.4 Potentials Impact of a 30-Day Outage 

We estimate that the economic loss associated with a 30-day outage of GPS will range from $2.7 to $5.5 
billion at the current level of telematics adoption. Our expert panel indicated that a GPS outage would 
result in significant loss of productivity because of a loss in GPS-assisted dispatching and navigation. 


13.4.1 Summary of Qualitative Findings 


Depending on the type of user, the impact of a GPS outage will have varying levels of impact, ranging 
from inconvenient to disruptive. For field service operations that have a relatively small number of stops 
in a given day and few last-minute changes in dispatch schedules, a GPS outage would be an 


inconvenience. 


Other sectors rely very heavily on GPS. For example, UPS uses GPS to plan its parcel delivery routes 
daily. In the absence of GPS, drivers and dispatchers would have to rely on local knowledge and static 
maps. Given the daily volume of packages that they deliver, such a disruption could lead to significant 
delays, particularly if an outage occurs during a busy season. In addition to delays, such a business would 
incur additional fuel consumption costs on the order of millions of gallons. During a testing period for its 
internal telematics optimization and navigation software (called ORION), UPS saved around 1.5 million 
gallons of fuel a year using the software on only a portion of its delivery fleet (Konrad, 2013). 


The one category of benefits that may be retained in a GPS outage is the fuel savings associated with 
driver behavior monitoring, which encourages more efficient driving practices and reduced engine idling. 
While driver behavior monitoring would be lost during a GPS outage, we expect that previous behavior 
change would be at least somewhat resilient during a GPS outage. Because drivers have been trained and 
incentivized to change their driving behavior over time, it is unlikely that they would immediately revert 
to less safe and efficient driving practices in the event of a GPS outage. When posed with this 
hypothetical scenario, 6 of the 10 experts interviewed for this analysis agreed that it is likely some of 
these benefits would be retained. 


An additional consideration that is not accounted for in our estimates of the impact of a 30-day outage is 
the reliance of telematics on wireless cellular phone networks. Section 4 examines the impact of a 30-day 
outage on the telecom sector and concludes that major degradation of service, at a minimum, would occur 
on wireless networks. Without wireless service, we expect that even further disruption of telematics users 
would result because they would lose their ability to communicate with dispatchers from the field and 
telematics devices would not be relaying any data back to dispatchers. Thus, it is reasonable to assume 
that our estimates of the impact of a 30-day outage are likely very conservative. 


13.4.2 Summary of Quantitative Findings 


To estimate the quantitative impacts of a 30-day outage, we started with 1 month’s worth of benefits— 
$4.2 billion on average—from 2017. We then considered the difference between the estimated reduction 
in fuel consumption and the estimated reduction in VMT among telematics users. 
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We estimated a larger drop in fuel consumption (10 to 15%) than VMT (5 to 10%) to account for reduced 
engine idling, due to improved driver behavior and less efficient driving behaviors such as rapid 
acceleration and harsh braking. We assumed that improved driver behavior would likely continue during 
a GPS outage, meaning that telematics users would retain a portion of the fuel savings benefit and the 
associated environmental benefits. This results in a projected average economic loss of $4.14 billion 
during a 30-day outage rather than $4.2 billion. Table 13-10 presents the estimated range of economic 
loss associated with a 30-day outage of GPS among telematics users. 


In addition to idle reduction benefits, we would expect to see some retention of more efficient driving 
behavior that would reduce fuel consumption during driving (not only while idling), but we do not have 
data to distinguish between fuel savings attributable to improved driving habits and other sources of fuel 
savings, such as GPS-assisted navigation. Thus, we might reasonably expect economic losses to be lower 
than our estimate (or at least more likely to be on the lower bound of $2.7 billion) if losses are truly 
limited to the benefit categories we define in this analysis. 


However, as discussed briefly in Section 13.4.1, we expect a loss of telematics service to affect some 
telematics users more severely beyond eliminating the benefits described in this analysis. For some users, 
a loss of telematics may be severely disruptive for businesses depending on how integrated their business 
processes are with GPS data streams. Thus, rather than overestimating the impact of a GPS outage, we 
believe we are likely underestimating the impact. 


13.5 Future Applications 
The ways in which location data from telematics devices are being used continues to evolve, and the 
dependence of users on telematics and the benefits delivered by telematics will continue to grow in the 
future. The following uses of telematics are not quantitatively considered in this report and are not yet 
widely adopted: 

= using statistical analysis to identify specific truck models that perform best in different 


geographic, climatic, and usage conditions to help fleet managers avoid costly acquisition 
mistakes 


= using statistical analysis to help fleets predict when drivers may quit so fleet managers can target 
driver retention strategies more effectively 


Table 13-10.Economic Impact of a 30-Day Outage of GPS ($ million) 


Lost Repair & Lost 
Lost Labor Maintenance Environmental 
Estimate Savings Lost Fuel Savings Savings Benefits Total Loss 
Lower bound $2,196 $266 $213 $73 $2,748 
Average $3,416 $291 $332 $97 $4,137 
Upper bound $4,637 $317 $450 $122 $5,526 
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= using equipment built into telematics devices to communicate with connected infrastructure and 
other vehicles using telematics to optimize traffic flow or increase efficiency (e.g., freight truck 
platooning) 


In addition to increasing the benefits delivered through telematics, three trends are also driving an 
acceleration in adoption. First, vehicle manufacturers are increasingly including telematics equipment as a 
standard feature in new vehicles, reducing one of the barriers to adoption—the cost of hardware. Second, 
telematics services are also increasingly being offered on smartphone platforms, eliminating the 
requirement for a separate device in the vehicle. 


Finally, the most significant trend that will drive growth in the adoption of telematics in the near future is 
a federal mandate that vehicles used on long-haul routes must be equipped with an electronic logging 
device to ensure that drivers are complying with hours-of-service requirements designed to increase 
safety by avoiding driver fatigue (Federal Motor Carrier Safety Administration, 2018). This mandate 
applies to much of the on-road freight sector and will drive further adoption among heavy-duty 


commercial trucks. 


13.6 Concluding Remarks 

Telematics technology uses GPS to unlock significant efficiencies and savings in commercial fleet 
vehicles at a relatively low cost. Adoption remains at less than half of all commercial vehicles in the 
United States, suggesting that there is significant room for growth. RTI found that since 2000 telematics 
has delivered a net economic benefit of $325.2 billion in the United States, on average. In the event of a 
30-day outage of GPS, we estimate that telematics users would suffer an economic loss of $2.7 billion to 
$5.5 billion. We consider these findings to be conservative for several reasons: 


= We did not quantify all the benefits of telematics. 


« During an outage, companies that rely heavily on GPS data to drive business processes may 
experience more severe disruptions than others, leading to greater losses than we have estimated. 


= We did not attempt to quantify any benefits before the year 2000. 
Finally, the private sector continues to innovate new ways to use data streams from commercial vehicles 
to help fleet managers make better decisions and increase the efficiency and profitability of fleets. We 


expect that this will drive further adoption and increase the economic value of GPS in telematics in the 
future. 
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14. Summary Remarks 


The PNT signal provided by GPS enables many of the applications that companies rely on and that are 
integrated with modern American life. For the United States alone, we estimate that GPS has generated 
roughly $1.4 trillion in economic benefits (2017$) for the private sector in the years since it was made 
available for civilian use in the 1980s. Most of those benefits have accrued since 2010. 


Our analysis combined insights from nearly 200 experts in the use of GPS for specific applications, 
surveys of professional surveyors and smartphone users, economic modeling tools, and national statistics. 
Because of the likelihood of measurement error, we recommended interpreting the point estimate of $1.4 
trillion as a rough order of magnitude. The range of benefits to date is between $903 billion and $1.8 
trillion. Benefits comprised productivity gains from new and existing products and services, 


improvements in quality, increases in personal enjoyment, and environmental and public health impacts. 


14.1 Retrospective Economic Benefits 

Table 14-1 summarizes the benefits we were able to quantify for each of the 10 sectors we analyzed. 
Benefits are largest for telecommunications, telematics (e.g., fleet management, logistics), and LBS (e.g., 
location features of smartphones and other personal devices). Relative to total industry size, GPS was 
particularly transformative for the professional surveying sector. Other industries, such as finance, 
leverage GPS because of its reliability and ubiquity, although the precision they are afforded is far greater 
than what is required. Alternatives are or would have been readily available for them. 


The magnitude of benefits for telecommunications, telematics, and LBS warrants additional explanation. 
Precision timing has a critical role in synchronization of telecommunications networks, enabling service 
providers to more efficiently use available spectrums and deliver high-speed wireless services. Given 
American society’s intensive use of wireless technologies, it is perhaps not surprising that benefits related 
to telecommunications are substantial. Benefits relating to telematics and LBS have significant positive 
externalities beyond productivity impacts: improved navigation and fleet management reduces miles 
driven, generating environmental and public health benefits through reduced fuel combustion. And, of 
course, Americans enjoy all the location and navigation features of their personal devices. 


In looking across the many sectors and applications that require GPS’s accuracy and precision, it becomes 
clear that GPS has some attributes of a utility. The signal is a public good and service provided by the 
U.S. government that enables productivity, quality, and efficiency benefits that would not otherwise be 
possible. For many years, it was the only comprehensive PNT signal available. Signals are now available 
from GLONASS (Russia), Galileo (Europe), and BeiDou (China). The global marketplace means that 
many devices are increasingly capable of receiving signals from multiple constellations. In the United 
States, however, critical infrastructure, industries, and applications leverage the GPS signal. 
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Economic Benefits of the Global Positioning System (GPS) 


Table 14-1. Summary Economic Benefits of GPS for Private-Sector Use, as of 2017 


Sector Specific Analytical Focus Benefits ($ million) 
Agriculture Precision agriculture technologies and practices $5,830 
Electricity Electrical system reliability and efficiency $15,730 
Finance High-frequency trading negligible 
Location-based Smartphone apps and consumer devices that use location services to $215,702 
services deliver services and experiences 
Mining Efficiency gains, cost reductions, and increased accuracy $12,350 
Maritime Navigation, port operations, fishing, and recreational boating negligible 
Oil and gas Positioning for offshore drilling and exploration $45,922 
Surveying Productivity gains, cost reductions, and increased accuracy in $48,124 

professional surveying 
Telecommunications Improved reliability and bandwidth utilization for wireless networks $685,990 
Telematics Efficiency gains, cost reductions, and environmental benefits through $325,182 
improved vehicle dispatch and navigation 
Total $1,354,830 


Note: Economic benefits were measured relative to a counterfactual that specified that preexisting sources of positioning, 
navigation, and timing information continued to be available in the absence of GPS. Thus, the relative benefit for some sectors 
is negligible but substantial for those with applications that have a requirement for GPS’s accuracy and precision. We 
recommend interpreting the $1.4 trillion estimate as a rough order of magnitude. The range of benefits to date is estimated to 
be between $903 billion and $1.8 trillion. 


The economic significance of GPS is growing. About 90% of GPS’s benefits have accrued since 2010 
(Figure 14-1). Long technology life cycles in some sectors, such as electric utilities, mean that although 
GPS-enabled equipment has been installed, legacy equipment is still in place. This means that the full 
potential of GPS functionality has yet to be realized. 


14.2 Potential Impacts of a 30-Day GPS Outage 

The question of the potential impact of a 30-day outage was added to our scope during our analysis. The 
duration was specified by the Department of Commerce, and it is not known whether a severe space 
weather event or nefarious activity by a bad actor would or could cause such a long disruption. 


Many technologies can “hold over” timing information or rely on technology alternatives, but a full 30- 
day outage could potentially have a $30 billion impact (range: $16 billion to $35 billion). If the outage 
were to occur during critical planting seasons for farmers, the impact could be as high as $45 billion. See 
Table 14-2. 


The impact on Day | of an outage would differ from the impact on Day 10 or Day 30. That averages out 
to about $1 billion in daily loss of use (before accounting for agriculture). As with our retrospective 
benefits results, this estimate should be interpreted as a rough order of magnitude. If the outage were to 
occur during April or May, the impact on farmers would be significant, and the impact could be more 
than $1 billion per day. 
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Section 14 — Summary Remarks 


Figure 14-1. Time Series of GPS’s Economic Benefits for the Private Sector 
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Table 14-2. Potential Impact of a 30-Day GPS Outage 


Potential Losses 


Sector Specific Analytical Focus ($ million) 
Electricity Electrical system reliability and efficiency $275 
Finance High-frequency trading Negligible 
Location-based Smartphone apps and consumer devices that use location services to $2,859 
services deliver services and experiences 
Mining Efficiency gains, cost reductions, and increased accuracy $949 
Maritime Navigation, port operations, fishing, and recreational boating $10,411 
Oil and gas Positioning for offshore drilling and exploration $1,520 
Surveying Productivity gains, cost reductions, and increased accuracy in $331 

professional surveying 
Telecommunications Improved reliability and bandwidth utilization for wireless networks $9,816 
Telematics Efficiency gains, cost reductions, and environmental benefits through $4,137 
improved vehicle dispatch and navigation 
Total, Excluding Ag. If the outage were not to occur during critical planting seasons $30,298 
Agriculture Precision agriculture technologies and practices $15,122 
Total, Including Ag If the outage were to occur during critical planting seasons $45,420 


Note: Range of potential losses is $16 to $35 billion, before accounting for losses of about $15 billion if a 30-day outage were to 
occur during critical planting seasons for U.S. farmers. 
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Economic Benefits of the Global Positioning System (GPS) 


The maritime sector had technologies and systems available that complemented mariners’ skills. GPS’s 
availability meant that the Loran system was no longer necessary, and the signal was turned off. This 
means that although the historical benefits relative to technology alternatives are negligible, if GPS were 
lost, there could be more than $10 billion in losses over 30 days. This loss estimate underscores the 
critical role GPS has come to play in economic activity. 


14.3 Final Observations 

The comprehensive costs of GPS are difficult to characterize because of the system’s emergence from 
multiple R&D programs over seven decades. Since 2010, expenditures have averaged roughly $1.3 billion 
per year (2017$).”* This estimate includes both defense and civilian development, procurement, and 
operations. A long history of investments, comingling of defense and nondefense funding to sustain and 
operate the system, and the large number of laboratories and agencies involved make estimation of a 
benefit-to-cost ratio (or another form of return-on-investment measure) difficult. The Department of 
Transportation receives appropriations for GPS’s civilian use case, but most funding for GPS is provided 
by Congress to the Air Force. 


One could compare GPS’s comprehensive costs to only its private-sector benefits for 2010 through 2017. 
This produces a benefit-to-cost ratio of about 100 to 1.” The civilian use portion is a fraction of total 
expenditure, so the ratio is likely an underestimate. If one assumes that 25% of GPS expenditures were 
related to civilian use cases, the ratio is about 400 to 1. If one assumes 40%, the ratio is 250 to 1. If one 
were to guess that the spend on GPS has been more or less constant since President Reagan first permitted 
civilian use, the ratio is closer to 10 to 1. This does not mean that other investments or programs will have 
such a high impact; this is simply what we observe within an 8-year window in the 2010s from a program 
launched in 1973 that itself has roots in programs from the 1960s. It would be a mistake to assume that a 
comparable investment would achieve these results. The math is less important than the outcome: making 
GPS available for private-sector use was a good idea. 


An important observation from trying to tease out some sense of the return on investment is the 
relationships between science investments, private-sector innovation, and time. GPS was fully 
operationally in 1995. It was used by several industries for positioning in the 1980s and 1990s, but the 
majority of benefits began to accrue during the technology boom starting in the late 1990s. The 
availability of a reliable, accurate, and extremely precise timing signal meant that innovators had one less 
barrier to their development of the technologies and applications that are pervasive today and that 
generate the lion’s share of GPS’s economic benefits. GPS was a resource whose quality was known, and 
it took time for innovators to leverage the service. The combination of rapid advances in information 


technology and GPS was clearly transformative. Excellent examples are telematics and LBS. 


38 See https://www.gps.gov/policy/funding/. 

9 Benefits (2017$) for 2010 through 2017 were discounted using a 7% social discount rate, per OMB Circular A-94. Costs for 
FY2010 through 2017 were adjusted to 2017$ using the real GDP index and discounted. Costs were assumed to be incurred at the 
beginning of a period and benefits at the end of a period. The benefit-cost ratio is the ratio of the present value of benefits 
(numerator) to the present value of costs (denominator). 
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Section 14 — Summary Remarks 


GPS is not just a service; it is also a platform for innovation. With the support of federal agencies, private 
enterprise has leveraged GPS to deliver value through precision agriculture, advanced logistics and route 
optimization, high-speed wireless services, and a host of other applications. 


For most Americans, the impact of GPS is as near as their smartphone. Maps and navigation tools, social 
networking, shopping, dating, and relationships are all supported by their phones’ location services. GPS 
is a link between innovation within the national lab system, technology transfer to the private sector, and 
the tools of their everyday lives. 
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Appendix A: 
COBRA 


A.1 Approach to Environmental Health Benefits Estimation 

Environmental benefits associated with GPS in the telematics and location-based services sectors were 
quantified on the basis of energy savings. Emissions reductions were quantified by applying emissions 
factors to energy savings estimates. These emissions reductions were then fed into the Co-Benefits Risk 
Assessment (COBRA) model, which was developed by EPA to enable users to obtain first-order 
approximations of benefits due to different air pollution mitigation policies. The COBRA model provides 
estimates of health effect impacts and the economic value of these impacts resulting from changes in the 
physical units of emitted pollutants. An overview of the COBRA model and how it works is available 
from U.S. EPA (2014, 2015). A brief overview of the COBRA model is provided here. 


A.1.1 Overview of the COBRA Model 


At the core of the COBRA model is a source-receptor (S-R) matrix that translates changes in emissions to 
changes in PM concentrations. The changes in ambient PM concentrations are then linked to changes in 
mortality risk and changes in health incidents that lead to health care costs and/or lost workdays. 

Figure A-1 provides an overview of the modeling steps. 


Changes in Emissions > Changes in Ambient PM Concentrations 


The user provides changes (decreases) in emissions of pollutants (PM2.s, SO2, NOx, VOCs, NH3) and 
identifies the economic sector from which the emissions are being reduced. For this analysis, the 
impacted sectors were Residential Distillate Oil Combustion (flame-retention-head oil burner impacts) 
and Electric Utility Fuel Combustion (advanced refrigeration and heat pump design model and alternative 
refrigerants research impacts). These changes are in total short tons of pollutants by sector for the U.S. 
economy for the chosen analysis year. The economic sectors chosen determine the underlying spatial 
distribution of emissions and hence the characteristics of the human population that is affected.! 


Figure A-1. COBRA Model Overview 


User-defined Changes in Changes in 


t ; 
Change in monetary 


health effects 


changes in ambient PM 
emissions concentration impacts 


Source: U.S. EPA (2014). 


100 The COBRA model has a variety of spatial capabilities. However, for this study there was limited information on the specific 
location of pollution reductions. Thus, a national analysis was conducted where the national distribution of emissions was 
used to determine the emission location as input to the S-R matrix. 
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The S-R matrix consists of fixed transfer coefficients that reflect the relationship between annual average 

PM concentration values at a single receptor in each county (a hypothetical monitor located at the county 

centroid) and the contribution by PM species to this concentration from each emission source. This matrix 
provides quick but rough estimates of the impact of emission changes on ambient PM levels as compared 

with the detailed estimates provided by more sophisticated air quality models (U.S. EPA, 2015). 


Changes in Ambient PM Concentrations > Changes in Health Effects 


The model then translates the changes in ambient PM concentration to changes in incidence of human 
health effects using a range of health impact functions and estimated baseline incidence rates for each 
health endpoint. The data used to estimate baseline incidence rates and the health impact functions used 
vary across the different health endpoints. To be consistent with prior U.S. EPA analyses, the health 
impact functions and the unit economic value used in COBRA are the same as the ones used for the 
Mercury and Air Toxics Standards (MATS) Final Rule. 


The model provides changes in the number of cases for each health effect between the baseline emissions 
scenario (included in the model) and the analysis scenario (input by the user). The different health 
endpoints are summarized in Table A-1 and described briefly below. For additional detail on the 
epidemiological studies, functional forms, and coefficients used in COBRA, see Appendix C of the 
COBRA user’s manual (U.S. EPA, 2015). 


Table A-1. Health Endpoints Included in COBRA 


Health Effect Description 
Mortality Number of deaths (adult or infant) 
Acute bronchitis Cases of acute bronchitis 
Nonfatal heart attacks Number of nonfatal heart attacks 


Respiratory hospital admissions 


CDV-related hospital admissions 
Upper respiratory symptoms 


Lower respiratory symptoms 
Asthma emergency room visits 


MRAD 


Work loss days 


Asthma exacerbations 


Number of cardiopulmonary-, asthma-, or pneumonia-related 
hospitalizations 


Number of cardiovascular-related hospitalizations 


Episodes of upper respiratory symptoms (runny or stuffy nose; wet cough; 
and burning, aching, or red eyes) 


Episodes of lower respiratory symptoms: cough, chest pain, phlegm, or 
wheeze 


Number of asthma-related emergency room visits 


Number of minor restricted activity days (days on which activity is 
reduced but not severely restricted; missing work or being confined to bed 
is too severe to be MRAD) 


Number of workdays lost due to illness 


Number of episodes with cough, shortness of breath, wheeze, and upper 
respiratory symptoms in asthmatic children 
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Mortality researchers have linked both short-term and long-term exposures to ambient levels of air 
pollution to increased risk of premature mortality. COBRA uses mortality risk estimates from an 
epidemiological study of the American Cancer Society cohort conducted by Krewski et al. (2009) and by 
a Six-City cohort by Laden et al. (2006). These two studies provide a high and low estimate of mortality 
associated with changes in ambient PM2.5. COBRA includes different mortality risk estimates for both 
adults and infants. Infant mortality is based on Woodruff et al. (1997). Because of the high monetary 
value associated with prolonging life, mortality risk reduction is consistently the largest health endpoint 
valued in the study. 


Nonfatal heart attacks were linked by Peters et al. (2001) to PM exposure. Nonfatal heart attacks were 
modeled separately from hospital admissions because of their lasting impact on long-term health care 
costs and earning. COBRA provides a high and low estimate of incidence for nonfatal heart attacks based 
on differing literature. 


Hospital admissions include two major categories: respiratory (such as pneumonia and asthma) and 
cardiovascular (such as heart failure, ischemic heart disease). Using detailed hospital admission and 
discharge records, Sheppard et al. (1999) investigated asthma hospital emissions associated with PM, CO, 
and ozone; Moolgavkar (2000, 2003) found a relationship between hospital admissions and PM. COBRA 
includes separate risk factors for hospital admissions for people aged 18 to 64 and aged 65 and older. 


Acute bronchitis, defined as coughing, chest discomfort, slight fever, and extreme tiredness lasting for a 
number of days, was found by Dockery et al. (1996) to be related to sulfates, particulate acidity, and, to a 
lesser extent, PM. COBRA estimates the episodes of acute bronchitis in children aged 8 to 12 from 
pollution using the findings from Dockery et al. 


Upper respiratory symptoms include episodes of upper respiratory symptoms (runny or stuffy nose; wet 
cough; and burning, aching or red eyes). Pope et al. (2002) found a relationship between PM and the 
incidence of a range of minor symptoms, including runny or stuffy nose; wet cough, and burning; aching 
or red eyes. 


Lower respiratory symptoms in COBRA are based on Schwarz and Neas (2000) and focus primarily on 
children’s exposure to pollution. Children were selected for the study based on indoor exposure to PM 
and other pollutants resulting from parental smoking and gas stoves. Episodes of lower respiratory 
symptoms are coughing, chest pain, phlegm, or wheezing. 


Asthma related emergency room visits are primarily associated with children under the age of 18. 
Slaughter et al. (2003) found significant associations between asthma ER visits and PM and CO. To avoid 
double counting, hospitalization costs (discussed above) do not include the cost of admission to the 


emergency room. 


Minor restricted activity days (MRAD) in COBRA were based on research by Ostro and Rothschild 
(1989). MRADs include days on which activity is reduced but not severely restricted (e.g., missing work 
or being confined to bed is too severe to be an MRAD). They estimated the incidence of MRADs for a 
national sample of the adult working population, aged 18 to 65, in metropolitan areas. Because this study 
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is based on a “convenience “sample of nonelderly individuals, the impacts may be underestimated 
because the elderly are likely to be more susceptible to PM-related MRADs. 


Work loss days were estimated by Ostro (1987) to be related to PM levels. Based on an annual national 
survey of people aged 18 to 65, Ostro found that 2-week average PM levels were significantly linked to 
work loss days. However, the findings showed some variability across years. 


Asthma exacerbations estimates were pooled from Ostro et al. (2001) and Mar et al. (2004) to calculate 
impacts of changes in air quality on asthmatic children. Cough, wheeze, and shortness of breath are all 
considered to be exacerbations. 


Changes in Health Effects > Monetary Impacts 


COBRA translates the health effects into changes in monetary impacts using estimated unit values of each 
health endpoint. The per-unit monetary values are described Appendix F of the COBRA user’s manual 
(U.S. EPA, 2015). Estimation of the monetary unit values varies by the type of health effect. For example, 
reductions in the risk of premature mortality are monetized using value of statistical life estimates. Other 
endpoints such as hospital admissions use cost of illness units that include the hospital costs and lost 
wages of the individual but do not capture the social (personal) value of pain and suffering. COBRA 
allows users to choose between a discount rate of 3% or 7% to calculate the present value of health effects 
that may occur beyond the year 2017. 


Limitations 


It should be noted that COBRA does not incorporate effects of many pollutants, such as carbon emissions 
or mercury. This has two potential implications. First, other pollutants may cause or exacerbate health 
endpoints that are not included in COBRA. This would imply that reducing incidences of such health 
points are not captured. Second, pollutants other than those included in COBRA may also cause a higher 
number of incidences of the health effects that are part of the model. This is also not captured in this 
analysis. Thus, the economic value of health effects obtained from COBRA may be interpreted as a 
conservative estimate of the health benefits from reducing emissions. 
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Interview Guide: NIST Economic Impact Assessment of GPS 
Evaluating GPS’s Impacts on the Agricultural Sector 


RTI International is working with the National Institute of Standards and Technology (NIST) to conduct 
an economic impact assessment of the nation’s precision, navigation, and timing (PNT) services provided 
through the Global Positioning System (GPS). 


The study has two objectives: 


e Quantify the economic impact of GPS. 
e Quantify the economic impact of an unexpected 30-day failure of the current GPS system. 


As part of this study, RTI identified an alternative scenario, or counterfactual, to describe what we 
expect might have happened in the absence of GPS being developed and leveraged for commercial 
applications. Preliminary research and expert interviews suggest that in the absence of GPS the 
terrestrial PNT system known as Loran-C would have likely evolved over time to meet some of the needs 
filled by GPS. Some background on the Loran-C and Enhanced Loran (eLoran) systems are provided in an 
attachment. 


Your perspective will help us quantify the benefits of GPS to the agricultural sector. 

Your participation is voluntary and confidential; only aggregated information will be included in any 
deliverables or communications. Additionally, we do not wish to discuss any proprietary or confidential 
business information, but rather your professional opinion about the role of GPS in agriculture. 

Our research products will be an economic analysis, final report, and presentation materials. All 
deliverables will be publicly available in early 2019 and these will be shared with you as soon as they are 
released. 


If you have questions, please contact: 


e Alan O’Connor, Principal Investigator, RTI, oconnor@rti.org 
e Kathleen McTigue, Technology Partnerships Office, NIST, kathleen.mctigue@nist.gov 


This collection of information contains Paperwork Reduction Act (PRA) requirements approved by the 
Office of Management and Budget (OMB). Notwithstanding any other provisions of the law, no person is 
required to respond to, nor shall any person be subject to a penalty for failure to comply with, a 
collection of information subject to the requirements of the PRA unless that collection of information 
displays a currently valid OMB contro! number. Public reporting burden for this collection is estimated to 
be 60 minutes per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed and completing and reviewing the collection of 
information. Send comments regarding this burden estimate or any aspect of this collection of 
information, including suggestions for reducing this burden, to the National Institute of Standards and 
Technology, Attn: Kathleen McTigue (kathleen.mctique@nist.gov). 
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Interview Questions 


SECTION I. Respondent Background 

1. Please give a brief description of your background. 

2. Are you familiar with the use of GPS in the agriculture sector? 
SECTION II. How GPS is Used by the Agricultural Sector 


3. Where and how is GPS used in the agricultural sector? What are the primary benefits? (e.g. 
yields, costs, diversification) 


4. We plan to use a recent USDA Economic Research Service (ERS) study on the net benefits of 
precision agriculture to calculate the economic benefits of GPS. The following table summarizes 
the primary findings of that study. The following questions will refer to this table. 


Impacts of precision technologles on net returns and farm operating profit 


GPS soil/yield 
mapping Guidance system VRT 


Percentage change in profits from adopting 


Net returns (incl. overhead) 
Impact of precision technology 1.8% 1.5% 1.1% 


Operating profit impact including 
farm size scale effect 2.8% 2.5% 1.1% 


Note: Percentages in second row have been corrected for the “farm size” effect discussed in the text, using the estimated 
correlation between the adoption and profit sections of each treatment model. GPS = Global Positioning System; VRT = 
variable-rate technology. 


Source: USDA, Economic Research Service estimates using data from the Agricultural Resource Management Survey 
(ARMS) Phase II and III. 


Source: Schimmelpfennig, D. (2016). Farm profits and adoption of precision agriculture (No. 249773). United States 
Department of Agriculture, Economic Research Service. 


a. ls it appropriate to equate the benefits of precision agriculture (PA) technologies to 
GPS? 


b. Is it appropriate to categorize the uses of GPS into the same categories as precision 
agriculture: yield and soil mapping, machinery guidance and control systems, variable- 
rate application technologies? 


c. Are there other uses of GPS in agriculture you can think of that do not fall into these 
three categories? 


d. ERS calculated these net benefits for corn, and they assume similar benefits for 
soybeans. They also have PA adoption rates for cotton, peanuts, soybean, and spring 
wheat. Is it appropriate to assume that the percentage changes in net benefits of PA for 
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corn and soybeans are similar to the percentage change in net benefits for cotton, 
peanuts, soybeans, and spring wheat? If not, how would you expect the net benefits of 
GPS in PA to be different for cotton, peanuts, soybeans, and spring wheat? 

e. Are there other crops where you expect that GPS has had a big impact? Which ones? 

f. In your opinion, to what extent do the net benefits to GPS come from increased yields 
vs. lower costs? Can you estimate what percentage of the benefits has come from 


increased yields vs. lower costs? 


5. What level of accuracy is required for the different uses of a location technology like GPS to be 
useful in agriculture? (refer to categories above) 


SECTION III. If GPS Were Not Available (refer to Attachment describing counterfactual background) 
6. If GPS had not become available, would Loran-C or eLoran have been a viable alternative? 


7. Would the decreased accuracy of a Loran-C or eLoran system relative to GPS have an impact on 
the categories discussed above? 


8. Ifso, can you quantify the impact for each of the PA categories listed above? What percentage 
of the net benefits could have been realized with Loran-C or eLoran for each category? 


SECTION IV. Unanticipated 30-Day Failure of the GPS System 
9. Now Iam going to ask some questions about what would happen to the agriculture industry if 
GPS failed for 30 days. 
a. What would the impacts be for different crops in the spring? 


b. What would the impacts be for different crops in the fall? 


c. Can you quantify the impact on farmer revenues? What would be the estimated change 
in increased costs or lower yields? 


10. Is there potential for damage beyond the 30-day failure? (e.g. lower yields effecting commodity 
markets, loss of confidence in GPS)? Please describe. 


SECTION V. Technology Transfer (only for experts that were involved in or knowledgeable about 
technology transfer related to GPS in agriculture, such as equipment manufacturers) 


11.How did government laboratories influence or support the development and/or 
transfer of GPS equipment for agriculture? 


12.Did industry directly collaborate or interact with government laboratories as part of 
their R&D process? 
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Section VII. Concluding Questions 


13. Do you have any other contacts we should reach out to? 


14. Would you be willing to participate in a brief follow-up discussion of your responses to this 
interview? 


THANK YOU for contributing your time and insight to the study. 
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COUNTERFACTUAL BACKGROUND 
The Agriculture Industry in the Absence of GPS 


In order to accurately assess the benefits of GPS, we consider two counterfactual scenarios: first, the 
state of agriculture had GPS never been developed, and second, the impact on agriculture if GPS were to 
fail completely for 30 days. 


Counterfactual A: If GPS Were Not Developed 


Before GPS was available for commercial use in the mid-1990s, farmers had few technologies that 
allowed them to proactively manage their fields according to spatial characteristics. Without GPS, we 
assume many producers would continue to manage their operations as before, planting and harvesting 
as they have done historically without the benefits of precision agriculture. 


Our research shows that while most precision agriculture benefits would be lost absent GPS, a 
technology called Loran — a land-based position, navigation and timing technology similar to GPS that 
was also under development at the same time as GPS — might have developed in its stead. We assume 
that without GPS, precision agriculture would have still progressed with Loran, but it would have taken 
longer to progress and been much more limited in its applications. Those applications that require a 
location accuracy of more than 10-20 meters, for example, such as variable rate technology and crop 
dusting, may have evolved using a Loran-based network. 


Additionally, not all precision agriculture technologies rely on GPS or require the high levels of accuracy 
that GPS offers. We assumed that these technologies would have been developed and adopted by some 
farmers, corresponding to the level of accuracy required for the specific technology. Thus, the technical 
counterfactual is the net returns to farming using no precision location technologies or those that would 
be possible using Loran. 


Counterfactual B: 30-Day Catastrophic Failure of GPS 


A 30-day GPS outage would likely be a shock to agricultural productions and yields, with farmers who 
had invested in GPS technologies losing the benefits of their precision agriculture techniques. It is 
unclear to us what kind of efficiency losses would result from farmers having to retrofit or “relearn” how 
to operate this equipment without GPS enabled, or return to a conventional farming method. The 
impacts of a GPS outage also depend on its timing — a failure during planting season would have 
different impacts than a failure during harvest or winter. 


10! Earlier versions of Loran, known as Loran-C, could reliably provide 18-90 meters of positioning accuracy; a newer standard, 
known as eLoran, can achieve 8-20 meters positioning accuracy 
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OMB Control #0693-0033 
Expiration Date: 06/30/2019 


Interview Guide: NIST Economic Impact Assessment of GPS 
Evaluating GPS’s Impacts on the Surveying Sector 


RTI International is working with the National Institute of Standards and Technology (NIST) to conduct 
an economic impact assessment of the nation’s precision, navigation, and timing (PNT) services provided 
through the Global Positioning System (GPS). 


The study has two objectives: 
1. Quantify the economic impact of GPS. 
2. Quantify the economic impact of an unexpected 30-day failure of the current GPS system. 


Accomplishing these objectives relies on the input from sector stakeholders. This interview guide was 
developed to capture input from stakeholders from each sector. 


As part of this study, RTI identified an alternative scenario, or counterfactual, to describe what we 
expect might have happened in the absence of GPS being developed and leveraged for commercial 
applications. Preliminary research and expert interviews suggest that in the absence of GPS the 
terrestrial PNT system known as Loran-C would have likely evolved over time to meet some of the needs 
filled by GPS. Some background on the Loran-C and Enhanced Loran (eLoran) systems are provided in an 
attachment. 


Your perspective will help us quantify the benefits of GPS to the surveying sector. Your participation is 
voluntary and confidential; only aggregated information will be included in any deliverables or 
communications. Additionally, we do not wish to discuss any proprietary or confidential business 
information, but rather your professional opinion about the role of GPS in surveying. 


Our research products will be an economic analysis, final report, and presentation materials. All 
deliverables will be publicly available in early 2019 and these will be shared with you as soon as they are 
released. 


If you have questions, please contact: 


e Alan O’Connor, Principal Investigator, RTI, oconnor@rti.org 
e Kathleen McTigue, Technology Partnerships Office, NIST, kathleen.mctigue@nist.gov 


This collection of information contains Paperwork Reduction Act (PRA) requirements approved by the 
Office of Management and Budget (OMB). Notwithstanding any other provisions of the law, no person is 
required to respond to, nor shall any person be subject to a penalty for failure to comply with, a 
collection of information subject to the requirements of the PRA unless that collection of information 
displays a currently valid OMB contro! number. Public reporting burden for this collection is estimated to 
be 60 minutes per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed and completing and reviewing the collection of 
information. Send comments regarding this burden estimate or any aspect of this collection of 
information, including suggestions for reducing this burden, to the National Institute of Standards and 


Technology, Attn: Kathleen McTigue (kathleen.mctique@nist.gov). 
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Interview Questions 


SECTION I. Respondent Background 
1. Please give a brief description of your background. 
2. How are you familiar with the use of GPS in the surveying sector? 
SECTION II. How GPS is Used in the Surveying Sector 
3. Where and how is GPS used in the surveying sector? 
4. Please give a brief background of the surveying industry in general: 
a. What are the main categories of surveying? (e.g. boundary, cadastral, topographic, 
hydrological, mapping, construction) 
b. What level of accuracy is required for a location technology like GPS to be useful in 
surveying? 
5. What are the primary benefits of using GPS in surveying? (try to link to categories in 4a) 


6. What are the tradeoffs between GPS and more traditional technologies such as total stations? 


7. How do the benefits of GPS vary by type of surveying or geography? 


SECTION III. Timeline of GPS Rollout 


8. When did GPS in surveying really take off? What were the breakthroughs? What were the 
important dates for when GPS was adopted in surveying? 


9. How have the enhancements to GPS changed its usefulness to surveying over time (e.g. 
conventional to differential, differential to real time kinematic, etc.)? When did they occur? 


10. Are there any co-technologies that have changed the usefulness of GPS for surveying over time? 
When did they occur? 


11. How did adoption of GPS for surveying change for the changes discussed in questions 8 — 10? 


SECTION IV. Counterfactual Questions (please refer to the attachment) and 30-day outage 


12. Given the precision and accuracy information in Table 1 of the attachment, would Loran-C or 
eLoran have provided any benefit to the surveying industry? If not, what level of accuracy would 
have been required? 


13. Loran-C and eLoran, the technologies considered in the counterfactual, are incapable of vertical 
measurement. How would this impact their usefulness in the surveying industry? 
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14. What would happen to the surveying industry if GPS failed for 30 days? 
15. What percentage of surveyors would be able to continue work and how would their productivity 


be impacted? 


SECTION V. Technology Transfer (depending on specialized knowledge of the interviewee) 
16.How did government laboratories influence or support the development of GPS 
technologies for the surveying sector? 


17.What government developed/supported technologies are embedded in private sector 
products and services? 


18. How has industry directly collaborated or interacted with government laboratories as 
part of their R&D process? 


Section VI. Concluding Questions 
19. Do you have any other contacts that you recommend we reach out to? 
20. Are there any other comments you would like to share? 


21. Would you be willing to participate in a brief follow-up discussion of your responses to this 
survey? 


THANK YOU for contributing your time and insight to the study. 
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ATTACHMENT: Loran as a Counterfactual in the Absence of GPS 


We hypothesize that, in the absence of GPS, a Loran-based system would have been available and would 
have evolved over time in performance. The following is a brief background on Loran. 


The legacy Loran system, known as Loran-C, was introduced in 1957, operates similarly to GPS in that its 
primary signal is a timing and frequency message. In the late 1980s and early 1990s, investments were 
made to expand the coverage of Loran-C to cover the continental U.S and improve the precision and 
accuracy. However, progress on further upgrades Loran-C stalled as the costs exceeded available funds 
and as GPS was more widely adopted, eliminating the need for Loran-C in some applications. 


In 1994, the U.S. Coast Guard (USCG) ceased operating the international Loran-C chains and the 1994 
Federal Radionavigation Plan stated that, by 2000, support for the remaining domestic Loran-C network 
would end (Narins, 2004). Due to the higher performance capabilities of GPS, it was generally preferred 
over Loran-C for most applications, which was a key reason for Loran-C gradually falling out of use 
(Justice et al., 1993). 


In the late 1990s, interest in maintaining and modernizing Loran-C rekindled because GPS was 
recognized as a single point of failure for much of the nation’s critical infrastructure. An evaluation 
conducted by the FAA determined that, with some investment in upgrades, the Loran-C system could 
indeed function as a suitable backup in the event of a GPS outage (Narins, 2004). Additionally, some 
research and development was being conducted to standardize an enhanced Loran (eLoran) system, 
which would have more capabilities and better precision and accuracy. 


While eLoran would not be able to achieve the levels of precision and accuracy available from GPS, 
proponents claim it could perform sufficiently to support many critical applications. Table 1 provides a 
comparison of the frequency, timing, and positioning capabilities of the different systems. 


Table 1. Precision and Accuracy Performance 


Loran-C eLoran GPS 
-11 -11 -13 
Freuen 1x10 frequency 1x10 frequency 1x10 frequency 
stability stability stability 
Timing 100 ns 10-40 ns 10 ns 
Positioning (meters) 18-90 meters 8-20 meters 1.6-4 meters* 


Sources: Narins et al (2012); Curry (2014); FAA (2008) 

*GPS positioning accuracy varies widely by type of receiver and augmentations being applied. The 
accuracy quoted here is from the GPS Wide Area Augmentation System (WAAS) 2008 Performance 
Standard 
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Interview Guide: NIST Economic Impact Assessment of GPS 
Evaluating the Uses and Benefits of GPS to the Telematics Sector 


RTI International is working with the National Institute of Standards and Technology (NIST) to conduct 
an economic impact assessment of the nation’s precision, navigation, and timing (PNT) services provided 
through the Global Positioning System (GPS). 


The study has two objectives: 


e Quantify the economic impact of GPS. 
e Quantify the economic impact of an unexpected 30-day failure of the current GPS system. 


As part of this study, RTI identified an alternative scenario, or counterfactual, to describe what we 
expect might have happened in the absence of GPS being developed and leveraged for commercial 
applications. Preliminary research and expert interviews suggest that in the absence of GPS the 
terrestrial PNT system known as Loran-C would have likely evolved over time to meet some of the needs 
filled by GPS. Some background on the Loran-C and Enhanced Loran (eLoran) systems are provided in an 
attachment. 


Your perspective will help us quantify the benefits of GPS to the telematics and fleet management 
sector. Your participation is voluntary and confidential; only aggregated information will be included in 
any deliverables or communications. Additionally, we do not wish to discuss any proprietary or 
confidential business information, but rather your professional opinion about the role of GPS in 
telematics and fleet management. 


Our research products will be an economic analysis, final report, and presentation materials. All 
deliverables will be publicly available in early 2019 and these will be shared with you as soon as they are 
released. 


If you have questions, please contact: 


e Alan O’Connor, Principal Investigator, RTI, oconnor@rti.org 
e Kathleen McTigue, Technology Partnerships Office, NIST, kathleen.mctigue@nist.gov 


This collection of information contains Paperwork Reduction Act (PRA) requirements approved by the 
Office of Management and Budget (OMB). Notwithstanding any other provisions of the law, no person is 
required to respond to, nor shall any person be subject to a penalty for failure to comply with, a 
collection of information subject to the requirements of the PRA unless that collection of information 
displays a currently valid OMB contro! number. Public reporting burden for this collection is estimated to 
be 60 minutes per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed and completing and reviewing the collection of 
information. Send comments regarding this burden estimate or any aspect of this collection of 
information, including suggestions for reducing this burden, to the National Institute of Standards and 


Technology, Attn: Kathleen McTigue (kathleen.mctiqgue@nist.gov). 


Economic Benefits of the Global Positioning System (GPS) 


Interview Questions 


SECTION I. Respondent Background 

1. Please give a brief description of your background. 

2. How familiar are you with the use of GPS in the telematics sector? 
SECTION II. How GPS Is Used in Telematics 


3. Prior to GPS being widely available, how did commercial fleet operators manage their fleet 
assets and track their usage? 


4. When did the use of GPS devices begin for tracking fleets? At what point did specialized 
products for telematics and fleet tracking come available? 


5. How widely adopted are telematics devices for fleet management? 
6. How is GPS used by telematics devices and service providers? 


7. How much does a typical telematics solution per vehicle? 
a. For the equipment itself? 
b. For any monthly service agreements with the provider? 


8. Besides GPS, what other major sensors make up a telematics device (e.g., ODB interface, 
accelerometer)? 


9. In general, what are the benefits of using telematics for fleet management? 


10. A study by Fleetmatics estimated that implementing a telematics solution reduced labor costs 
by approximately 20% because more efficient operation allowed a crew to complete the same 
amount of work each day in less time. 

a. Do you agree or disagree with this estimate? 
b. If you disagree, could you provide your own estimate of the impact of a telematics 
solution on labor costs? 


11. The same study by Fleetmatics estimates that a telematics solution, on average, saves $45 per 
vehicle per month of fuel through reduced idle time, better routing, and slower average speeds. 
At the time of the study, $45 equated to approximately 12 gallons of gasoline. 
a. Do you agree or disagree with this estimate? 
b. If you disagree, could you provide your own estimate of the impact of a telematics 
solution on fuel consumption? 


SECTION III. If GPS Were Not Available 


12. If GPS had not become available, would the telematics sector exist? 
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13. Would another system (such as Loran, as described in the attachment) with less accurate 
geolocation information be feasible? 


SECTION IV. Unanticipated 30-Day Failure of GPS System 


14. If GPS failed unexpectedly, what would the impact be on the functionality telematics services 
and devices? 


15. In the event of a failure, how would companies using telematics services be affected? 
16. How would companies manage operations in the absence of a telematics service? 
17. Can you characterize and/or quantify the impact of a GPS system outage on: 

a. Ability to complete jobs 

b. Labor costs 

c. Fuel efficiency 


SECTION V. Technology Transfer 


18.Are you familiar with the technology development history of GPS and devices that 
use GPS as they relate to the telematics sector? 


19. Outside of launching and maintaining the GPS constellation itself, did federally 


funded research support the development and commercialization of any key GPS 
components that are used in the telematics sector today? 


Section VI. Concluding Questions 
20. Who else should we contact for this study? 
21. Would you like to share any other comments? 


22. Would you be willing to participate in a brief follow-up discussion of your responses to this 
survey? 


THANK YOU for contributing your time and insight to the study. 


Economic Benefits of the Global Positioning System (GPS) 


ATTACHMENT: Loran as a Counterfactual in the Absence of GPS 


We hypothesize that in the absence of GPS a Loran-based system would have been available and would 
have evolved over time in performance. The following is a brief background on Loran. 


The legacy Loran system, known as Loran-C, was introduced in 1957 and operates similarly to GPS in 
that its primary signal is a timing and frequency message. Up until GPS was available, Loran-C was the de 
facto standard for PNT services. In the late 1980s and early 1990s, investments were made to expand 
the coverage of Loran-C to cover the continental United States and improve the precision and accuracy. 
However, progress on further upgrades to Loran-C stalled as the costs exceeded available funds and as 
GPS was more widely adopted, eliminating the need for Loran-C in some applications. 


In the late 1990s, interest in maintaining and modernizing Loran-C rekindled because GPS was 
recognized as a single point of failure for much of the nation’s critical infrastructure. An evaluation 
conducted by the FAA determined that with some investment in upgrades the Loran-C system could 
indeed function as a suitable backup in the event of a GPS outage (Narins, 2004). Additionally, some 
research and development was being conducted to standardize an enhanced Loran (eLoran) system, 
which would have more capabilities and better precision and accuracy. 


While eLoran would not be able to achieve the levels of precision and accuracy available from GPS, 


proponents claim it could perform sufficiently to support many critical applications. Table 1 provides a 
comparison of the frequency, timing, and positioning capabilities of the different systems. 


Table 1. Precision and Accuracy Performance 


Loran-C eLoran GPS 
-11 -11 -13 
prequeney 1x10 frequency 1x10 frequency 1x10 frequency 
stability stability stability 
Timing 100 ns 10-50 ns 10 ns 
Positioning (meters) 18-90 meters 8-20 meters 1.6-4 meters? 


Sources: Narins et al. (2004); Curry (2014); FAA (2008) 

a GPS positioning accuracy varies widely by type of receiver and augmentations being applied. The 
accuracy quoted here is from the GPS Wide Area Augmentation System (WAAS) 2008 Performance 
Standard. 
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OMB Control #0693-0033 
Expiration Date: 06/30/2019 


Interview Guide: NIST Economic Impact Assessment of GPS 
Evaluating the Uses and Benefits of GPS to the Location-Based Services Sector 


RTI International is working with the National Institute of Standards and Technology (NIST) to conduct 
an economic impact assessment of the nation’s precision, navigation, and timing (PNT) services provided 
through the Global Positioning System (GPS). 


The study has two objectives: 


e Quantify the economic impact of GPS. 
e Quantify the economic impact of an unexpected 30-day failure of the current GPS system. 


As part of this study, RTI identified an alternative scenario, or counterfactual, to describe what we 
expect might have happened in the absence of GPS being developed and leveraged for commercial 
applications. Preliminary research and expert interviews suggest that in the absence of GPS the 
terrestrial PNT system known as Loran-C would have likely evolved over time to meet some of the needs 
filled by GPS. Some background on the Loran-C and Enhanced Loran (eLoran) systems are provided in an 
attachment. 


Your perspective will help us quantify the benefits of GPS to the location-based services (LBS) sector. We 
are dividing LBS into three broad categories: 


1. Personal vehicle navigation (i.e., turn-by-turn driving directions) 
2. E911 

3. Other apps and services using LBS, including 

Traffic information 

Personal navigation (walking directions) 

Social (including check-in apps and dating apps) 

Gaming (e.g., Pokémon Go) 

Fitness (e.g., tracking apps for runners) 

Search (e.g., searching for something on Google shows local results) 
Ride-hailing (e.g., Uber and Lyft) 

Smart home 
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Your participation is voluntary and confidential; only aggregated information will be included in any 
deliverables or communications. Additionally, we do not wish to discuss any proprietary or confidential 
business information, but rather your professional opinion about the role of GPS in location-based 
services. 


Our research products will be an economic analysis, final report, and presentation materials. All 
deliverables will be publicly available in early 2019 and these will be shared with you as soon as they are 
released. 


Economic Benefits of the Global Positioning System (GPS) 


If you have questions, please contact: 


e Alan O’Connor, Principal Investigator, RTI, oconnor@rti.org 
e Kathleen McTigue, Technology Partnerships Office, NIST, kathleen.mctigue@nist.gov 


This collection of information contains Paperwork Reduction Act (PRA) requirements approved by the 
Office of Management and Budget (OMB). Notwithstanding any other provisions of the law, no person is 
required to respond to, nor shall any person be subject to a penalty for failure to comply with, a 
collection of information subject to the requirements of the PRA unless that collection of information 
displays a currently valid OMB contro! number. Public reporting burden for this collection is estimated to 
be 60 minutes per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed and completing and reviewing the collection of 
information. Send comments regarding this burden estimate or any aspect of this collection of 
information, including suggestions for reducing this burden, to the National Institute of Standards and 


Technology, Attn: Kathleen McTigue (kathleen.mctigue@nist.gov). 
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Interview Questions 


SECTION I. Respondent Background 

1. Please give a brief description of your background. 

2. How familiar are you with the use of GPS for LBS, including E911 and personal navigation? 
SECTION II. How GPS is Used: Personal Vehicle Navigation 


3. What augmentations are used to provide turn-by-turn directions for personal navigation devices 
or mapping apps on smartphones (e.g. pre-loaded map data)? 


4. What level of positioning accuracy is required for personal navigation? Recognizing that 
different services require different accuracy levels, please elaborate on areas for which you can 
speak from experience. 


SECTION III. How GPS is Used: E911 

5. How does the E911 system use GPS location information? 

6. Is there a statutorily required level of accuracy for E911? 
SECTION IV. How GPS is Used: Other Location-Based Apps and Services 


7. What level of positioning accuracy is required for location-based apps, including social, gaming, 
and local advertising? Recognizing that different services require different accuracy levels, 
please elaborate on areas for which you can speak from experience. 


SECTION V. If GPS Were Not Available 
8. Inthe absence of GPS, how do you think LBS would have developed? 


9. Would a Loran-C network with national coverage provide sufficient performance for: 
a. E911? 
b. Personal navigation? 
c. Other location-based apps and services? 


10. Would an eLoran network with national coverage provide sufficient performance for: 
a. E911? 
b. Personal navigation? 
c. Other location-based apps and services? 
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SECTION VI. Unanticipated 30-Day Failure of GPS System 
11. If GPS failed unexpectedly, what would be the immediate impact on: 
a. E911 service? 
b. Personal navigation? 


c. Other location-based apps and services? 


12. Would E911 continue to function normally as long as wireless networks are able to function? 


SECTION VII. Technology Transfer 


13.Are you familiar with the technology development history of GPS and devices that 
use GPS as they relate to the resource extraction sector? 


14. Outside of launching and maintaining the GPS constellation itself, did federally 


funded research support the development and commercialization of any key 
components that are used in the telecom sector today? 


Section VIII. Concluding Questions 
15. Who else should we contact for this study? 
16. Would you like to share any other comments? 


17. Would you be willing to participate in a brief follow-up discussion of your responses to this 
survey? 


THANK YOU for contributing your time and insight to the study. 
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ATTACHMENT: Loran as a Counterfactual in the Absence of GPS 


We hypothesize that in the absence of GPS a Loran-based system could have been used by the finance 
industry to provide some of the frequency and precision timing needs currently being provided by GPS. 
The following is a brief background on Loran. 


The legacy Loran system, known as Loran-C, was introduced in 1957 and operates similarly to GPS in 
that its primary signal is a timing and frequency message. In the late 1980s and early 1990s, investments 
were made to expand the coverage of Loran-C to cover the continental United States and improve the 
precision and accuracy. However, progress on further upgrades to Loran-C stalled as the costs exceeded 
available funds and as GPS was more widely adopted, eliminating the need for Loran-C in some 
applications. 


In 1994, the U.S. Coast Guard ceased operating the international Loran-C chains, and the 1994 Federal 
Radionavigation Plan stated that by 2000 support for the remaining domestic Loran-C network would 
end (Narins, 2004). However, in the late 1990s, interest in maintaining and modernizing Loran-C 
rekindled because GPS was recognized as a single point of failure for much of the nation’s critical 
infrastructure. An evaluation conducted by the Federal Aviation Administration determined that with 
some investment in upgrades the Loran-C system could indeed function as a suitable backup in the 
event of a GPS outage (Narins, 2004). Additionally, some research and development was being 
conducted to standardize an enhanced Loran (eLoran) system, which would have more capabilities and 
better precision and accuracy. 


While eLoran would not be able to achieve the levels of precision and accuracy available from GPS, 
proponents claim it could perform sufficiently to support many critical applications. Table 1 provides a 


comparison of the frequency, timing, and positioning capabilities of the different systems. 


Table 1. Precision and Accuracy Performance 


Loran-C eLoran GPS 
-11 -11 -13 
Frequency 1x10 frequency 1x10 frequency 1x10 frequency 
stability stability stability 
Timing 100 ns 10-50 ns 10 ns 
Positioning (meters) 18-90 meters 8-20 meters 1.6-4 meters? 


Sources: Narins et al. (2004); Curry (2014); FAA (2008) 
a GPS positioning accuracy varies widely by type of receiver and augmentations being applied. The accuracy quoted here is 
from the GPS Wide Area Augmentation System (WAAS) 2008 Performance Standard. 
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OMB Control #0693-0033 
Expiration Date: 06/30/2019 


Interview Guide: NIST Economic Impact Assessment of GPS 
Evaluating the Uses and Benefits of GPS to the Resource Extraction Sectors 


RTI International is working with the National Institute of Standards and Technology (NIST) to conduct 
an economic impact assessment of the nation’s precision, navigation, and timing (PNT) services provided 
through the Global Positioning System (GPS). 


The study has two objectives: 


e Quantify the economic impact of GPS. 
e Quantify the economic impact of an unexpected 30-day failure of the current GPS system. 


As part of this study, RTI identified an alternative scenario, or counterfactual, to describe what we 
expect might have happened in the absence of GPS being developed and leveraged for commercial 
applications. Preliminary research and expert interviews suggest that in the absence of GPS the 
terrestrial PNT system known as Loran-C would have likely evolved over time to meet some of the needs 
filled by GPS. Some background on the Loran-C and Enhanced Loran (eLoran) systems are provided in an 
attachment. 


Your perspective will help us quantify the benefits of GPS to the resource extraction sectors, including 
open-pit mining and oil and gas exploration. 


Your participation is voluntary and confidential; only aggregated information will be included in any 
deliverables or communications. Additionally, we do not wish to discuss any proprietary or confidential 
business information, but rather your professional opinion about the role of GPS in resource extraction. 


Our research products will be an economic analysis, final report, and presentation materials. All 
deliverables will be publicly available in early 2019 and these will be shared with you as soon as they are 
released. 


If you have questions, please contact: 


e Alan O’Connor, Principal Investigator, RTI, oconnor@rti.org 
e Kathleen McTigue, Technology Partnerships Office, NIST, kathleen.mctigue@nist.gov 


This collection of information contains Paperwork Reduction Act (PRA) requirements approved by the 
Office of Management and Budget (OMB). Notwithstanding any other provisions of the law, no person is 
required to respond to, nor shall any person be subject to a penalty for failure to comply with, a 
collection of information subject to the requirements of the PRA unless that collection of information 
displays a currently valid OMB contro! number. Public reporting burden for this collection is estimated to 
be 60 minutes per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed and completing and reviewing the collection of 
information. Send comments regarding this burden estimate or any aspect of this collection of 
information, including suggestions for reducing this burden, to the National Institute of Standards and 


Technology, Attn: Kathleen McTigue (kathleen.mctigue@nist.gov). 
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Interview Questions 


SECTION I. Respondent Background 


1. Please give a brief description of your background. Is your experience in mining or the oil and 
gas sector? 


2. How familiar are you with the use of GPS in the resource extraction sectors? 


SECTION II. How GPS is Used in Resource Extraction 


3. Our preliminary research suggests that GPS is used in mining for: 


a. 
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collision avoidance 

exploration 

mine operations 

mine site surveying 

autonomous mining and operations control 

remote control of vehicles 

vehicle tracking and dispatch 

loading systems 

material tracking along the supply chain 

preserving areas of cultural heritage and high environmental value 


Do you agree with this list? Are there any applications you would add? 


4. Inthe mining sector, is the use of GPS primarily limited to open-pit mines? If not, what other 
types of mining operations should we be including in our analysis? 


5. What level of precision is required for these applications? 


a. 
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collision avoidance 

exploration 

mine operations 

mine site surveying 

autonomous mining and operations control 

remote control of vehicles 

vehicle tracking and dispatch 

loading systems 

material tracking along the supply chain 

preserving areas of cultural heritage and high environmental value 


6. When was GPS first used in the resource extraction sector? Which application was the first use 


of GPS? 


7. What percent of mining operations use GPS for at least one of these applications? 
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8. How would you characterize the pace of adoption since GPS was introduced in the resource 
extraction sectors? 


9. Preliminary research suggests that GPS delivers the following categories of benefits: 
Improved productivity 

Reduced labor requirements 

Improved health and safety 

Lower environmental impact 


app 


Would you agree or disagree with these categories of savings? Are there any benefit categories 
that you would add? From your perspective, how would you describe these benefits in a 
qualitative way? 


10. Are you able to make quantitative estimates of the benefits listed in the previous question for 
the average mining operation? 


a. Overall mine productivity is improved by % 

b. Labor requirements decrease by % 

c. Use of GPS results in % fewer injuries per year in the average mine 
d. Use of GPS decreases waste from operations by % 


11. What was used for these positioning needs prior to GPS? 
SECTION III. If GPS Were Not Available 


12. In the absence of GPS, do you think other technologies would have emerged to fulfill the same 
applications? 


13. Would Loran-C or eLoran (as described in the attachment) be useful in the absence of GPS? If so, 
how would the resource extraction use such a system, which delivers a less accurate positioning 
signal? 


14. Can you estimate a percentage of the benefits that would be lost due to lower accuracy under a 
Loran-C or eLoran usage scenario? 


SECTION IV. Unanticipated 30-Day Failure of GPS System 


15. Can you describe (in a qualitative way) what the impact of a 30-day failure of GPS would be in 
the resource extraction sectors? For example, would all work stop, or would work continue, but 
with less efficiency? 


16. Are there technologies in use that could serve as backups in the short term? How would these 
technologies compare to business-as-usual GPS availability? 


17. Can you approximate the changes in: 
a. System operating costs (e.g. fuel costs) 
b. Downtime 
c. Labor costs 
d. Other 
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SECTION V. Technology Transfer 


18.Are you familiar with the technology development history of GPS and devices that 
use GPS as they relate to the resource extraction sector? 


19. Outside of launching and maintaining the GPS constellation itself, did federally 


funded research support the development and commercialization of any key GPS 
components that are used in the telematics sector today? 


Section VI. Concluding Questions 
20. Who else should we contact for this study? 
21. Would you like to share any other comments? 


22. Would you be willing to participate in a brief follow-up discussion of your responses to this 
survey? 


THANK YOU for contributing your time and insight to the study. 
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ATTACHMENT: Loran as a Counterfactual in the Absence of GPS 


We hypothesize that in the absence of GPS a Loran-based system could have been used by the finance 
industry to provide some of the frequency and precision timing needs currently being provided by GPS. 
The following is a brief background on Loran. 


The legacy Loran system, known as Loran-C, was introduced in 1957 and operates similarly to GPS in 
that its primary signal is a timing and frequency message. In the late 1980s and early 1990s, investments 
were made to expand the coverage of Loran-C to cover the continental U.S. and improve the precision 
and accuracy. However, progress on further upgrades to Loran-C stalled as the costs exceeded available 
funds and as GPS was more widely adopted, eliminating the need for Loran-C in some applications. 


In 1994, the U.S. Coast Guard ceased operating the international Loran-C chains, and the 1994 Federal 
Radionavigation Plan stated that by 2000 support for the remaining domestic Loran-C network would 
end (Narins, 2004). However, in the late 1990s, interest in maintaining and modernizing Loran-C 
rekindled because GPS was recognized as a single point of failure for much of the nation’s critical 
infrastructure. An evaluation conducted by the Federal Aviation Administration determined that with 
some investment in upgrades the Loran-C system could indeed function as a suitable backup in the 
event of a GPS outage (Narins, 2004). Additionally, some research and development was being 
conducted to standardize an enhanced Loran (eLoran) system, which would have more capabilities and 
better precision and accuracy. 


While eLoran would not be able to achieve the levels of precision and accuracy available from GPS, 


proponents claim it could perform sufficiently to support many critical applications. Table 1 provides a 
comparison of the frequency, timing, and positioning capabilities of the different systems. 


Table 1. Precision and Accuracy Performance 


Loran-C eLoran GPS 
-11 -11 -13 
preguen 1x10 frequency 1x10 frequency 1x10 frequency 
stability stability stability 
Timing 100 ns 10-50 ns 10 ns 
Positioning (meters) 18—90 meters 8—20 meters 1.6-4 meters? 


Sources: Narins et al. (2004); Curry (2014); FAA (2008) 
a GPS positioning accuracy varies widely by type of receiver and augmentations being applied. The accuracy quoted here is 
from the GPS Wide Area Augmentation System (WAAS) 2008 Performance Standard. 
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Expiration Date: 06/30/2019 


Interview Guide: NIST Economic Impact Assessment of GPS 
Evaluating the Uses and Benefits of GPS to the Telecom Sector 


RTI International is working with the National Institute of Standards and Technology (NIST) to conduct 
an economic impact assessment of the nation’s precision, navigation, and timing (PNT) services provided 
through the Global Positioning System (GPS). 


The study has two objectives: 


e Quantify the economic impact of GPS. 
e Quantify the economic impact of an unexpected 30-day failure of the current GPS system. 


As part of this study, RTI identified an alternative scenario, or counterfactual, to describe what we 
expect might have happened in the absence of GPS being developed and leveraged for commercial 
applications. Preliminary research and expert interviews suggest that in the absence of GPS the 
terrestrial PNT system known as Loran-C would have likely evolved over time to meet some of the needs 
filled by GPS. Some background on the Loran-C and Enhanced Loran (eLoran) systems are provided in an 
attachment. 


Your perspective will help us quantify the benefits of GPS to the telecom sector. For the purposes of this 
study, we are considering wireline networks, wireless networks, internet service providers, and cable 
television networks 


Your participation is voluntary and confidential; only aggregated information will be included in any 
deliverables or communications. Additionally, we do not wish to discuss any proprietary or confidential 
business information, but rather your professional opinion about the role of GPS in telecom. 


Our research products will be an economic analysis, final report, and presentation materials. All 
deliverables will be publicly available in early 2019 and these will be shared with you as soon as they are 
released. 


If you have questions, please contact: 


e Alan O’Connor, Principal Investigator, RTI, oconnor@rti.org 
e Kathleen McTigue, Technology Partnerships Office, NIST, kathleen.mctigue@nist.gov 


This collection of information contains Paperwork Reduction Act (PRA) requirements approved by the 
Office of Management and Budget (OMB). Notwithstanding any other provisions of the law, no person is 
required to respond to, nor shall any person be subject to a penalty for failure to comply with, a 
collection of information subject to the requirements of the PRA unless that collection of information 
displays a currently valid OMB contro! number. Public reporting burden for this collection is estimated to 
be 60 minutes per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed and completing and reviewing the collection of 
information. Send comments regarding this burden estimate or any aspect of this collection of 
information, including suggestions for reducing this burden, to the National Institute of Standards and 


Technology, Attn: Kathleen McTigue (kathleen.mctigue@nist.gov). 
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Interview Questions 


SECTION I. Respondent Background 
1. Please give a brief description of your background. 
2. How familiar are you with the use of GPS in the telecom sector? 
SECTION II. How GPS Is Used in Telecom 
3. Please describe the dependence of the telecom sector on GPS for the following: 
a. Wireline network performance 
b. Wireless network performance 
c. Internet service 
d. Cable television 


4. When was GPS first used in each of these applications? How has adoption grown over time? 


5. How would you characterize the impact of GPS on the telecom sector in the categories listed 
below? Are you aware of any studies that attempt to quantify the benefits? 


a. Reliability 
b. Security 

c. Bandwidth 
d. Scalability 
e. Other 


6. Our preliminary research suggests that a GPS receiver, antenna array, and holdover device are 
the main pieces of equipment necessary to leverage a GPS signal. Are there any key components 
that are missing with respect to telecom? 


7. Are there any key cost categories that we are missing? 


8. At which points within the telecom network infrastructure is GPS equipment installed? Are 
different types of equipment required at different points within the infrastructure? 


9. Can you estimate the cost of procuring each major component of GPS-related equipment? 
SECTION III. If GPS Were Not Available 


10. In the absence of GPS, what timing and frequency solution do you think the telecom industry 
would have used in the early 1990s when GPS was first adopted in the industry? 


11. Would an eLoran network with national coverage provide sufficient performance for the 
telecom industry’s needs today? What about a Loran-C network? 
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12. If you answered no in the previous question for either eLoran, Loran-C, or both, please consider 
the following: 
a. Which part of the telecom network requires more precision than what can be achieved 
under a Loran solution? 
b. At what point in time did the requirements of the telecom network exceed the 
capabilities of what Loran-C or eLoran could offer? 
c. In your opinion, what would a telecom network using a Loran system look like in terms 
of: 
i. Bandwidth (data traffic) 
ii. Capacity (number of devices) 
iii. Reliability 
(If possible, please quantify your estimate—e.g. 20% less bandwidth per device) 


SECTION IV. Unanticipated 30-Day Failure of GPS System 
13. If GPS failed unexpectedly please describe in a qualitative way how this would affect the 
telecom network over the timescales below. Please describe the impact in terms of how the 
outage would affect the different parts of the telecom network delineated in question 3 and in 
terms of the impact on service quality, network capacity, and service availability. 
a. Immediate impact (within 24 hours) 
b. Intermediate impact (1 day to 1 week) 


c. Beyond 1 week 


14. Please review the second attachment, which details holdover estimates for the core and 
wireless networks. Do you agree or disagree with these estimates? 


15. How does an outage in one part of the network affect other parts of the telecom network? For 
example, if the wireless network were to fail or be significantly affected before the core 
network, how does this impact the core network? 

16. What parts of the network are most vulnerable to a GPS outage? What parts are most resilient? 


SECTION VI. Technology Transfer 


17.Are you familiar with the technology development history of GPS and devices that 
use GPS as they relate to the resource extraction sector? 


18. Outside of launching and maintaining the GPS constellation itself, did federally 
funded research support the development and commercialization of any key GPS 
components that are used in the telecom sector today? 


Section IV. Concluding Questions 


19. Who else should we contact for this study? 
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20. Would you like to share any other comments? 


21. Would you be willing to participate in a brief follow-up discussion of your responses to this 
survey? 
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ATTACHMENT 1: Loran as a Counterfactual in the Absence of GPS 


We hypothesize that in the absence of GPS a Loran-based system would have been available and would 
have evolved over time in performance. The following is a brief background on Loran. 


The legacy Loran system, known as Loran-C, was introduced in 1957 and operates similarly to GPS in 
that its primary signal is a timing and frequency message. In the late 1980s and early 1990s, investments 
were made to expand the coverage of Loran-C to cover the continental United States and improve the 
precision and accuracy. However, progress on further upgrades to Loran-C stalled as the costs exceeded 
available funds and as GPS was more widely adopted, eliminating the need for Loran-C in some 
applications. 


In 1994, the U.S. Coast Guard ceased operating the international Loran-C chains, and the 1994 Federal 
Radionavigation Plan stated that by 2000 support for the remaining domestic Loran-C network would 
end (Narins, 2004). Because of the higher performance capabilities of GPS, it was generally preferred 
over Loran-C for most applications, which was a key reason for Loran-C gradually falling out of use 
(Justice et al., 1993). 


In the late 1990s, interest in maintaining and modernizing Loran-C rekindled because GPS was 
recognized as a single point of failure for much of the nation’s critical infrastructure. An evaluation 
conducted by the FAA determined that with some investment in upgrades the Loran-C system could 
indeed function as a suitable backup in the event of a GPS outage (Narins, 2004). Additionally, some 
research and development was being conducted to standardize an enhanced Loran (eLoran) system, 
which would have more capabilities and better precision and accuracy. 


While eLoran would not be able to achieve the levels of precision and accuracy available from GPS, 


proponents claim it could perform sufficiently to support many critical applications. Table 1 provides a 
comparison of the frequency, timing, and positioning capabilities of the different systems. 


Table 1. Precision and Accuracy Performance 


Loran-C eLoran GPS 
-11 -11 -13 
preaches 1x10 frequency 1x10 frequency 1x10 frequency 
stability stability stability 
Timing 100 ns 10-50 ns 10 ns 
Positioning (meters) 18-90 meters 8-20 meters 1.6-4 meters? 


Sources: Narins et al. (2004); Curry (2014); FAA (2008) 

a GPS positioning accuracy varies widely by type of receiver and augmentations being applied. The 
accuracy quoted here is from the GPS Wide Area Augmentation System (WAAS) 2008 Performance 
Standard. 
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ATTACHMENT 2: Telecom Network Holdover Capability (Adapted from Curry, 2010) 


Table 2. Telecom Core Network Traffic Timing—Holdover Capability 


Telecom Network Traffic Timing 3 mins 3hrs 3 days 3wks 3mos 3yrs >3 yrs 


TCXO X X X X X X X 
Low spec OCXO e o X X X X X 
High spec OCXO ° ° o X X X X 
Low spec Rb ° ° ° o X X X 
High spec Rb ° ° e ° o X X 
1:1 System OCXO and Rb ° ° ° ° o X X 
1:1 system + backup timing ° ° ° ° ° o o 
1:1 system + 24x365 support ° ° ° ° ° ° ° 
1:1 system + backup + support ° ° ° ° ° ° ° 


Source: Adapted from Curry (2010). 

X Failure of GPS would cause failure within the indicated time period. 

o Failure of GPS may cause degradation of service within the indicated time period. 
e Failure of GPS would not affect service within the indicated time period. 


Table 3. Mobile Base Station Timing—Holdover Capability (FDD Systems) 


Mobile Base Station Timing 3min 3hrs 3 days 3wks 3mos 3yrs >3 yrs 
TCXO X X X X X 
Low spec OCXO ° o X xX X xX X 
High spec OCXO ° e o X X X X 
Low spec Rb ° ° ° o X X X 
High spec Rb ° ° ° ° o X X 


Source: Adapted from Curry (2010). 

X Failure of GPS would cause failure within the indicated time period. 

o Failure of GPS may cause degradation of service within the indicated time period. 
e Failure of GPS would not affect service within indicated the time period. 
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Table 4. Mobile Base Station Timing—Holdover Capability (TDD Systems) 


Mobile Base Station Timing 3min 3hrs 3 days 3wks 3mos 3yrs >3 yrs 
TCXO X X X X X X X 
Low spec OCXO ° X X X xX X X 
High spec OCXO ° o X X X X X 
Low spec Rb ° o X X X X X 
High spec Rb ° o X X X X X 
Lo spec OCXO with PTP backup ° o o o o o o 
Hi spec OCXO with PTP backup ° ° ° e ° ° ° 


Source: Adapted from Curry (2010). 

X Failure of GPS would cause failure within the indicated time period. 

o Failure of GPS may cause degradation of service within the indicated time period. 
e Failure of GPS would not affect service within the indicated time period. 
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OMB Control #0693-0033 
Expiration Date: 06/30/2019 


Interview Guide: NIST Economic Impact Assessment of GPS 
Evaluating the Uses and Benefits of GPS to the Electricity Sector 


RTI International is working with the National Institute of Standards and Technology (NIST) to conduct 
an economic impact assessment of the nation’s precision, navigation, and timing (PNT) services provided 
through the Global Positioning System (GPS). 


The study has two objectives: 


e Quantify the economic impact of GPS. 
e Quantify the economic impact of an unexpected 30-day failure of the current GPS system. 


As part of this study, RTI identified an alternative scenario, or counterfactual, to describe what we 
expect might have happened in the absence of GPS being developed and leveraged for commercial 
applications. Preliminary research and expert interviews suggest that in the absence of GPS the 
terrestrial PNT system known as Loran-C would have likely evolved over time to meet some of the needs 
filled by GPS. Some background on the Loran-C and Enhanced Loran (eLoran) systems are provided in an 
attachment. 


Your perspective will help us quantify the benefits of GPS to the electricity. For example, we are 
interested in the economic impact (benefits) the electricity services sector gains from the high level of 
precision timing provided by GPS. 


Your participation is voluntary and confidential; only aggregated information will be included in any 
deliverables or communications. Additionally, we do not wish to discuss any proprietary or confidential 
business information, but rather your professional opinion about the role of GPS in electricity sector. 


Our research products will be an economic analysis, final report, and presentation materials. All 
deliverables will be publicly available in early 2019 and these will be shared with you as soon as they are 
released. 


If you have questions, please contact: 


e Alan O’Connor, Principal Investigator, RTI, oconnor@rti.org 
e Kathleen McTigue, Technology Partnerships Office, NIST, kathleen.mctigue@nist.gov 


This collection of information contains Paperwork Reduction Act (PRA) requirements approved by the 
Office of Management and Budget (OMB). Notwithstanding any other provisions of the law, no person is 
required to respond to, nor shall any person be subject to a penalty for failure to comply with, a 
collection of information subject to the requirements of the PRA unless that collection of information 
displays a currently valid OMB contro! number. Public reporting burden for this collection is estimated to 
be 60 minutes per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed and completing and reviewing the collection of 
information. Send comments regarding this burden estimate or any aspect of this collection of 
information, including suggestions for reducing this burden, to the National Institute of Standards and 


Technology, Attn: Kathleen McTigue (kathleen.mctique@nist.gov). 
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Interview Questions 


SECTION I. Respondent Background 


1. 


2. 


Please give a brief description of your background. 


How familiar are you with the use of GPS in the electricity sector? 


SECTION II. How GPS is Used by Electric Utilities 


Where and how is GPS used in the electricity system and what level of timing precision is 
needed to support each function? 


a. (Y/N) Phasor measurement units (PMUs): ___ milli/micro/nanoseconds 
b. (Y/N) SCADA Networks: _ ___ milli/micro/nanoseconds 

c. (Y/N) Fault detection: —___ milli/micro/nanoseconds 

d. (Y/N) Protective Relays: ____ milli/micro/nanoseconds 

e. (Y/N) Substation control: __ milli/micro/nanoseconds 

f. (Y/N) Billing and power quality incentives: _ milli/micro/nanoseconds 


When was GPS first used in each of these system components/functions and how long did it 
take for full adoption throughout the system? 
a. What drove the adoption? 
b. What was the influence of government initiatives such as the American Reinvestment 
and Recovery Act (ARRA). 


What was used for frequency and precision timing needs prior to GPS? 


It is our understanding that PMUs have been instrumental in transforming the electricity grid. 
Do you agree or disagree? 
a. What was the history of the technology development? 
b. Was the R&D conducted by private-sector companies, government laboratories, a 
combination? 
c. Were there collaborations and/or consortiums? 


What other GPS-enabled technologies have been important in transforming the electricity grid 
and what was their history of the technology development? 


SECTION III. If GPS Were Not Available 


8. 


If GPS had not become available, how would the electricity system have evolved/adapted? 
a. Would utilities have relied on existing SCADA systems? 
b. Would utilities have supported their own system of quartz or atomic clocks? 
c. Would Loran-C or eLoran (as described in the attachment) been a viable alternative if 
GPS had not been made available? 
d. Other 
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9. What would have been the technical impact on the electricity system if GPS had never been 
made available and no alternative system had been deployed? 
a. No significant impact on operation or efficiency 


b. Transmission and distribution (T&D) losses wouldbe____ % greater. 

c. The probability of blackout or brownout events would increase by ___%. 
d. Fault detection and correction would take ____% longer- 

e. Other 


10. What would have been the cost system implication from not having GPS? 
a. Negligible — little to no cost increase in providing today’s quality of service to customers. 
b. Increased fuel costs associated with T&D losses-_ ss % 
c. Increased generation capital costs associated with decreased capacity utilization - 
% 
d. Increased cost associated with location and correction of faults - % 
e. Increased costs associated with meeting precision timing and frequency using 
alternative methods 
i. For example, purchase and installation of atomic clocks and/or fiber systems for 
synchronization. 

ii. Ongoing operating costs associated with alternative system. 

f. Other increased operation costs? 


SECTION IV. Unanticipated 30-Day Failure of GPS System 


11. If GPS failed unexpectedly, what precision timing and frequency equipment/systems are in place 
for holdover? 
a. How long could the required frequency and precise time be maintained? hours, 
days? 


12. What would happen to the electricity system under a 30-day failure of GPS? 
a. No significant impact on operation or efficiency 


b. Transmission and distribution losses would be % greater. 

c. The probability of blackout or brownout events would increase by___%. 

d. Fault detection and correction would take ____% longer and cost % more to 
correct. 

e. Increased power quality issues (please describe) 

f. Other 


13. Can you approximate the changes in system costs over the course of a 30-day blackout? 


a. % increase in fuel costs? 
b. % increase in operating costs (non-fuel)? 
c. Other 
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14. Is there potential for damage to the existing infrastructure that would need to be 
repaired/replaced in the event of a 30-day failure of GPS? If so, what would be the cost in terms 
of damage to assets? 

a. Negligible probability of damage to system assets. 

b. ___% loss in generation assets resulting from damage. 
c. __%loss in T&D assets resulting from damage. 

d. Other 


Section IV. Concluding Questions 
15. Would you like to share any other comments? 


16. Would you be willing to participate in a brief follow-up discussion of your responses to this 
survey? 


THANK YOU for contributing your time and insight to the study. 
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ATTACHMENT: Loran as a Counterfactual in the Absence of GPS 


We hypothesize that in the absence of GPS a Loran-based system could have been used by the 
electricity industry to provide some of the frequency and precision timing needs currently being 
provided by GPS. The following is a brief background on Loran. 


The legacy Loran system, known as Loran-C, was introduced in 1957 and operates similarly to GPS in 
that its primary signal is a timing and frequency message. In the late 1980s and early 1990s, investments 
were made to expand the coverage of Loran-C to cover the continental United States and improve the 
precision and accuracy. However, progress on further upgrades to Loran-C stalled as the costs exceeded 
available funds and as GPS was more widely adopted, eliminating the need for Loran-C in some 
applications. 


In 1994, the U.S. Coast Guard ceased operating the international Loran-C chains, and the 1994 Federal 
Radionavigation Plan stated that by 2000 support for the remaining domestic Loran-C network would 
end (Narins, 2004). However, in the late 1990s, interest in maintaining and modernizing Loran-C 
rekindled because GPS was recognized as a single point of failure for much of the nation’s critical 
infrastructure. An evaluation conducted by the Federal Aviation Administration determined that with 
some investment in upgrades the Loran-C system could indeed function as a suitable backup in the 
event of a GPS outage (Narins, 2004). Additionally, some research and development was being 
conducted to standardize an enhanced Loran (eLoran) system, which would have more capabilities and 
better precision and accuracy. 


While eLoran would not be able to achieve the levels of precision and accuracy available from GPS, 


proponents claim it could perform sufficiently to support many critical applications. Table 1 provides a 
comparison of the frequency, timing, and positioning capabilities of the different systems. 


Table 1. Precision and Accuracy Performance 


Loran-C eLoran GPS 
-11 -11 -13 
Preoueney 1x10 frequency 1x10 frequency 1x10 frequency 
stability stability stability 
Timing 100 ns 10-50 ns 10 ns 
Positioning (meters) 18-90 meters 8-20 meters 1.6-4 meters? 


Sources: Narins et al. (2004); Curry (2014); FAA (2008) 

a GPS positioning accuracy varies widely by type of receiver and augmentations being applied. The 
accuracy quoted here is from the GPS Wide Area Augmentation System (WAAS) 2008 Performance 
Standard. 
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OMB Control #0693-0033 
Expiration Date: 06/30/2019 


Interview Guide: NIST Economic Impact Assessment of GPS 
Evaluating the Uses and Benefits of GPS to the Financial Sector 


RTI International is working with the National Institute of Standards and Technology (NIST) to conduct 
an economic impact assessment of the nation’s precision, navigation, and timing (PNT) services provided 
through the Global Positioning System (GPS). 


The study has two objectives: 


e Quantify the economic impact of GPS. 
e Quantify the economic impact of an unexpected 30-day failure of the current GPS system. 


As part of this study, RTI identified an alternative scenario, or counterfactual, to describe what we 
expect might have happened in the absence of GPS being developed and leveraged for commercial 
applications. Preliminary research and expert interviews suggest that in the absence of GPS the 
terrestrial PNT system known as Loran-C would have likely evolved over time to meet some of the needs 
filled by GPS. Some background on the Loran-C and Enhanced Loran (eLoran) systems are provided in an 
attachment. 


Your perspective will help us quantify the benefits of GPS to the financial sector. For example, we are 
interested in the economic impact (benefits) the financial services sector gains from the increased 
precision timing from using GPS. 


Your participation is voluntary and confidential; only aggregated information will be included in any 
deliverables or communications. Additionally, we do not wish to discuss any proprietary or confidential 
business information, but rather your professional opinion about the role of GPS in financial sector. 


Our research products will be an economic analysis, final report, and presentation materials. All 
deliverables will be publicly available in early 2019 and these will be shared with you as soon as they are 
released. 


If you have questions, please contact: 


e Alan O’Connor, Principal Investigator, RTI, oconnor@rti.org 
e Kathleen McTigue, Technology Partnerships Office, NIST, kathleen.mctigue@nist.gov 


This collection of information contains Paperwork Reduction Act (PRA) requirements approved by the 
Office of Management and Budget (OMB). Notwithstanding any other provisions of the law, no person is 
required to respond to, nor shall any person be subject to a penalty for failure to comply with, a 
collection of information subject to the requirements of the PRA unless that collection of information 
displays a currently valid OMB contro! number. Public reporting burden for this collection is estimated to 
be 60 minutes per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed and completing and reviewing the collection of 
information. Send comments regarding this burden estimate or any aspect of this collection of 
information, including suggestions for reducing this burden, to the National Institute of Standards and 


Technology, Attn: Kathleen McTigue (kathleen.mctique@nist.gov). 
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Interview Questions 
SECTION I. Respondent Background 


1. Please give a brief description of your background and how familiar you are with the use of GPS 
in the financial services sector. 


SECTION II. How GPS is Used by the Financial Services Sector 


2. What is the role of precision timing in the financial services sector (select all that apply)? 
a. Providing time stamps for trades 
b. Enabling the benefits of High Frequency Trading (HFT) in terms of latency arbitrage and 
liquidity, factors that may increase financial market efficiency. 
c. Other 


3. Where and how is GPS used in the financial services sector? 
a. What are the alternative or competing precision timing systems that are either used or 
available? 
b. What backup systems are in place? 


4. What was used for precision timing needs prior to GPS? 


5. For each of the applications within the financial services sector, when was GPS first used? How 
long did it take for full adoption throughout the system? What drove the adoption? 


6. It is our understanding that the current timing system of choice in financial sites is NISTDC. 
a. What was the history of the technology development 
b. Was R&D done by private-sector companies, government laboratories 
c. Were there collaborations and/or consortiums? 


SECTION III. If GPS Were Not Available 


7. If GPS had not become available, how would the processes for financial transactions have 
evolved or adapted? 
a. Would stock exchanges have supported their own system of quartz or atomic clocks? 
b. If atomic clocks were the selected alternative to replace GPS, how many atomic clocks 
would be needed to provide precision timing to the entire financial sector? 
a. Where would they be located? 
b. What would be the incremental labor cost associated with operating and 
maintaining them? 


8. What would have been the impact on financial services from not having GPS? 
a. No significant impact on trading methods or volume 


b. Current trading volumes could not be supported without GPS and would be___s % less. 

c. The introduction of HFT would have been delayed by ___ years, but not significantly 
changed. 

d. Other 
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9. What would have been the approximate cost impact from not having GPS 
a. Negligible — little to no increase in costs associated with providing financial services. 
b. If costs would be greater without GPS, how much money do you think you are saving by 
using NISTDC based on GPS 
c. If costs would be greater without GPS, alternative systems would have an incremental 
costofS___ to purchase/installandS___ to operate per year 


10. Would Loran-C or eLoran (as described in the attachment) been a viable alternative to support 
NISTDC? 


11. Would the decreased precision of a Loran-C or eLoran system relative to GPS have an impact on 
key activities such as High-Frequency Trading (HFT) and time stamping? If so, can you quantify 
the impact, in terms of: 

a. Decrease in trading volume - %? 
b. lost revenue - SS (annual)? 
c. Increased vulnerability to fraud (yes/no)? please describe. 


SECTION IV. Unanticipated 30-Day Failure of GPS System 


12. If GPS failed unexpectedly, what equipment/systems are in place for precision timing holdover? 
a. How long could the required level of time stamp precision be maintained - hours 
or Days? 


13. Would financial exchanges be ordered to shut down HFT because they cannot precisely time 
stamp these trades? 
a. Yes-—after___ hours or days. 
b. No- Holdover is sufficient with backup systems to keep HFT operating for 30 days at the 
required level of precision. 


14. What would be the economic impact to the financial system from the 30-day failure? 
a. No impact regular operations, 
Decrease in trading volume - %? 
lost revenue - SS (annual)? 
Increased vulnerability to fraud (yes/no)? please describe. 
Reduced/delayed availability of financing, or other financial services. Please describe. 


papp 


15. What would be the impact in operating costs or efficiency? 
a. % increase in cost per trade. 


16. Is there potential for damage to the existing infrastructure that would need to be 


repaired/replaced, thus leading to impacts past the 30-failure? 
a. % loss in capital assets, resulting from damage to computers and software. 
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Section IV. Concluding Questions 
17. Would you like to share any other comments? 


18. Would you be willing to participate in a brief follow-up discussion of your responses to this 
interview? 


THANK YOU for contributing your time and insight to the study. 
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ATTACHMENT: Loran as a Counterfactual in the Absence of GPS 


We hypothesize that in the absence of GPS a Loran-based system could have been used by the finance 
industry to provide some of the frequency and precision timing needs currently being provided by GPS. 
The following is a brief background on Loran. 


The legacy Loran system, known as Loran-C, was introduced in 1957 and operates similarly to GPS in 
that its primary signal is a timing and frequency message. In the late 1980s and early 1990s, investments 
were made to expand the coverage of Loran-C to cover the continental United States and improve the 
precision and accuracy. However, progress on further upgrades to Loran-C stalled as the costs exceeded 
available funds and as GPS was more widely adopted, eliminating the need for Loran-C in some 
applications. 


In 1994, the U.S. Coast Guard ceased operating the international Loran-C chains, and the 1994 Federal 
Radionavigation Plan stated that by 2000 support for the remaining domestic Loran-C network would 
end (Narins, 2004). However, in the late 1990s, interest in maintaining and modernizing Loran-C 
rekindled because GPS was recognized as a single point of failure for much of the nation’s critical 
infrastructure. An evaluation conducted by the Federal Aviation Administration determined that with 
some investment in upgrades the Loran-C system could indeed function as a suitable backup in the 
event of a GPS outage (Narins, 2004). Additionally, some research and development was being 
conducted to standardize an enhanced Loran (eLoran) system, which would have more capabilities and 
better precision and accuracy. 


While eLoran would not be able to achieve the levels of precision and accuracy available from GPS, 


proponents claim it could perform sufficiently to support many critical applications. Table 1 provides a 
comparison of the frequency, timing, and positioning capabilities of the different systems. 


Table 1. Precision and Accuracy Performance 


Loran-C eLoran GPS 
-11 -11 -13 
Preoueney 1x10 frequency 1x10 frequency 1x10 frequency 
stability stability stability 
Timing 100 ns 10-50 ns 10 ns 
Positioning (meters) 18-90 meters 8-20 meters 1.6-4 meters? 


Sources: Narins et al. (2004); Curry (2014); FAA (2008) 

a GPS positioning accuracy varies widely by type of receiver and augmentations being applied. The 
accuracy quoted here is from the GPS Wide Area Augmentation System (WAAS) 2008 Performance 
Standard. 
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Survey on the Impact of GPS on the 
Surveying Sector 


Introduction 


RTI International is working with the National Institute of Standards and 
Technology (NIST) to conduct an economic impact assessment of the nation’s 
precision, navigation, and timing (PNT) services provided through the Global 
Positioning System (GPS). The study has two objectives: 


Quantify the economic impact of GPS. 


Quantify the economic impact of an unexpected 30-day failure of the 
current GPS system. 


As part of this study, RTI is soliciting your input to better understand the 
economic impact of GPS on the surveying industry. Your participation is 
voluntary and confidential; only aggregated information will be included in any 
deliverables or communications. Additionally, we do not wish to know any 
proprietary or confidential business information, but rather your professional 
opinion about the role of GPS in surveying. Our research products will be an 
economic analysis, final report, and presentation materials. All deliverables will 
be publicly available in early 2019 and these will be shared with you as soon as 
they are released. 


If you have questions, please contact: 


Alan O'Connor, Principal Investigator, RTI, oconnor @rti.org 
Kathleen McTigue, Technology Partnerships Office, 


NIST, kathleen.mctigue @nist.gov 


This collection of information contains Paperwork Reduction Act (PRA) 
requirements approved by the Office of Management and Budget 

(OMB). Notwithstanding any other provisions of the law, no person is required 
to respond to, nor shall any person be subject to a penalty for failure to comply 
with, a collection of information subject to the requirements of the PRA unless 
that collection of information displays a currently valid OMB control 


number. Public reporting burden for this collection is estimated to be 15 minutes 
per response, including the time for reviewing instructions, searching existing 
data sources, gathering and maintaining the data needed and completing and 
reviewing the collection of information. Send comments regarding this burden 
estimate or any aspect of this collection of information, including suggestions for 
reducing this burden, to the National Institute of Standards and Technology, 
Attn: Kathleen McTigue (kathleen.mctigue @ nist.gov). 

OMB Control #0693-0033 

Expiration Date: 06/30/2019 


Background on GPS 


Validation: Must be numeric 


1) How many years have you been in the surveying industry? 


2) Are you a licensed surveyor? 


() Yes 
() No 


Validation: Min = 0 Max = 100 Must be numeric 


3) Please estimate the percentage of your time you spend on each type of surveying. 


Cadastral 
Topographic 
Mapping 
Hydrologic 
Construction 
Boundary 
Other 


4) Do you use GPS technology when you do surveying? 


() Yes 
() No 


5) How important is GPS to your job? 


() Very unimportant () Somewhat unimportant ( ) Neutral () Somewhat important ( 
) Very important 


6) When did you adopt GPS technology for surveying for the first time? 


() 1975 
() 1976 


() 1977 
() 1978 
() 1979 
() 1980 
() 1981 
() 1982 
() 1983 
() 1984 
() 1985 
() 1986 
() 1987 
() 1988 
() 1989 
() 1990 
() 1991 
() 1992 
() 1993 
() 1994 
() 1995 
() 1996 
() 1997 
() 1998 
() 1999 
(©) 2000 
() 2001 
() 2002 
(© 2003 
(©) 2004 
() 2005 
(©) 2006 
(©) 2007 
(© 2008 
() 2009 


() 2010 
() 2011 
() 2012 
() 2013 
() 2014 
() 2015 
() 2016 
() 2017 
() 2018 


7) In what percentage of your jobs do you utilize GPS technology when you 
conduct surveying activities (not including using GPS for driving directions)? 


8) For those jobs where you do not use GPS, why do you not use it? Select all that apply. 


[ ] I do not have a line of sight to the sky. 

[ ] It is not economically beneficial to me. 

[ ] I don't know how to use GPS technology. 
[ ] I don't need it to do my job. 

[ ] Other: 

[ ] N/A - I use GPS for all surveying jobs 


Cost Structure of Surveying 


We are now going to ask some questions regarding the cost structure of your surveying business. If 
you do not know the cost structure, please make your best guess. 


9) Are you the owner or part-owner of a surveying business? 


() Yes 
() No 


Validation: Min = 0 Max = 100 Must be numeric 


10) Please estimate the percentage of surveying expenditures by the following cost categories. 


Labor (includes time and benefits to complete jobs, gather and analyze data, etc) 


Capital costs (office space and equipment, including GPS receivers, total stations, 
vehicles used for surveying work, other data gathering tools, etc.) 


Material costs (markers, stakes, batteries, etc.) 
Energy costs (including vehicle fuel, electricity) 
Professional liability insurance 

Other 


Impacts of GPS on surveying 


What are the primary impacts of GPS on the categories mentioned previously? 
Use the slide bar to estimate how much GPS changes the amount of time that it takes a surveyor to 
complete the same job, compared to using traditional technologies (e.g. total stations) over the 


course of the last year. 


A negative number means that GPS reduces the amount of time it takes to complete a job by that 


percentage, and a positive number means that GPS increases the amount of time it takes to complete 
a job by that percentage. Zero means there is no change. 


11) Labor 

Includes labor time spent on both data acquisition and data analysis as well as other work. For example, 
if GPS allows you to complete the same job with one person that would take two people otherwise, set 
the slider to -50. 


-100 [__] 100 


12) Capital 
Includes expenditures on office space, vehicles, equipment, etc. For example, if you spend 50% more on 
capital with GPS than you did before you used GPS, set the slider to 50. 


-100 = 100 


13) Materials 
Includes stakes, markers, batteries, etc. For example, if you spend 25% less on materials using GPS than 
you would without it, set the slider to -25. 


-100 = 100 


14) Energy 
Includes fuel for vehicles, electricity for offices, etc. For example, if you drive 25% less on a project 
using GPS than you would for a project without GPS, set the slider to -25. 


-100 (=) 100 


15) Does GPS enable you to complete jobs that would not have been possible without GPS? 


() Yes 
() No 


16) What percentage of your revenue comes from jobs that would not have been possible to 
do without GPS? 


OO 10 


Impacts of a 30-day GPS Outage 


This section of the survey will pose a series of questions about the potential impacts of a 30-day 
unexpected failure of the GPS system and how it would affect your work. You can assume that all of 
your GPS devices would not work during this time period, and that it occurs during a time of year 
when you have an average workload. 


17) In the event of an unplanned GPS outage that lasted for thirty days, would you be able 
to continue conducting surveying work in any capacity? 


() Yes 
() No 


18) Would an unplanned GPS outage have any impact on your work? 


() Yes 
() No 


19) What would be the primary impacts of a thirty day GPS outage? Select all that apply. 


[ ] It would take longer to complete similar jobs. 
[ ] I could not do certain jobs. 

[ ] I could not compete for certain jobs. 

[ ] Other: 


20) What are the reasons that the GPS outage would impact your work? Select all that 
apply. 


[ ] There is no way to complete certain jobs without GPS 


[ ] I do not have the right equipment to survey without GPS 


[ ] It would take me too long to acquire the right equipment to survey without GPS 
[ ] I do not know how to survey without GPS 


[ ] It would take me a while to re-learn how to survey without GPS 
[ ] Other: 


21) How much longer, in percentage terms, would it take you to complete a 
typical job during a thirty day GPS outage? 


22) What percentage of jobs would you be unable to complete at all during a 
thirty day GPS outage? 


23) What percentage of jobs would you be unable to compete for during a thirty 
day GPS outage? 


Final Thoughts 


24) Is there anything else you would like to tell us about your work? 


Thank You! 


Thank you for taking our survey. Your response is very important to us. 


Appendix D: 
Survey for Location-Based Services 


Location-Based Services User Survey v2.2 


Introduction 


This survey asks you about how you value location-based services for a variety of 
applications and services. The results of this survey will be used to estimate the 
economic impact of location-based services provided using GPS signals. 


Location-based services enable mobile devices like your phone or tablet to 
determine your location, usually to within a few feet. If you have ever used your 
phone to locate nearby attractions or get turn-by-turn walking or driving 
directions, you have used location-based services. 


This collection of information contains Paperwork Reduction Act (PRA) 
requirements approved by the Office of Management and Budget (OMB). 
Notwithstanding any other provisions of the law, no person is required to 
respond to, nor shall any person be subject to a penalty for failure to comply 
with, a collection of information subject to the requirements of the PRA unless 
that collection of information displays a currently valid OMB control number. 
Public reporting burden for this collection is estimated to be 3 minutes per 
response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed and completing and 
reviewing the collection of information. Send comments regarding this burden 
estimate or any aspect of this collection of information, including suggestions for 
reducing this burden, to the National Institute of Standards and Technology, 
Attn: Kathleen McTigue (kathleen.mctigue @ nist.gov). 


OMB Control #0693-0033 
Expiration Date: 06/30/2019 


Do you use location-based services on a mobile device? 


1) Do you use location-based services on any of the following devices?* 


[ ] Smartphone (e.g., iPhone or Android mobile phone) 
[ ] Tablet 

[ ] GPS navigation device (e.g., TomTom or Garmin) 

[ ] Built-in navigation system in a vehicle 


[ ] None of the above 


How do you use location-based services? 


2) In what ways do you use location-based services? Check any that you use at least once a 
month:* 

[ ] Traffic information 

[ ] Turn-by-turn driving and walking directions 

[ ] Social (e.g., check-in apps and dating apps) 

[ ] Gaming (e.g., Pokemon Go) 

[ ] Fitness (e.g., tracking distance walked, run, or biked) 


[ ] Searching for nearby attractions, like stores or restaurants 


[ ] Ride-hailing (e.g., Uber or Lyft) 
[ ] Geofencing (e.g., get reminders to run an errand when you leave work) 
[ ] Other - Write In (Required): ¥ 


Turn-by-turn driving and walking directions 


This question asks about your willingness to give up the use of location-based 
services for turn-by-turn driving and walking directions only. 


3) What is the smallest amount of money you would accept in exchange for giving 
up the ability to use location-based services to get turn-by-turn driving and 
walking directions for one month?* 


4) What is the smallest amount of money you would accept in exchange for giving 
up the ability to use location-based services to get turn-by-turn driving and 
walking directions for two months?* 


5) Imagine your ability to use location-based services to get turn-by-turn driving 
and walking directions is going to be taken away for one month unless you pay an 
extra fee. What is the most you would pay to avoid losing this ability for one 
month?* 


6) Imagine your ability to use location-based services to get turn-by-turn driving 
and walking directions is going to be taken away for two months unless you pay an 
extra fee. What is the most you would pay to avoid losing this ability for two 
months?* 


All Location-Based Services 


This question asks about your willingness to give up the use of location-based 
services for all of the things you use them for. 


7) What is the smallest amount of money you would accept in exchange for giving 
up the ability to use location-based services for one month?* 


Validation: Min = 0 Max = 10000 Must be currency 


8) Imagine your ability to use location-based services is going to be taken away 
for one month unless you pay an extra fee. What is the most you would pay to 
avoid losing this ability for one month?* 


Validation: Min = 0 Max = 10000 Must be currency 


9) Imagine your ability to use location-based services is going to be taken away 
for two months unless you pay an extra fee. What is the most you would pay to 
avoid losing this ability for two months?* 


Validation: Min = 0 Max = 10000 Must be currency 


10) What is the smallest amount of money you would accept in exchange for 
giving up the ability to use location-based services for two months ?* 


Thank You! 


Thank you for taking our survey. Your response is very important to us. 


